The Miracle Drugs 



Books by the Same Author 

1930 DR. CAJUN 

1931 BIO DYNAMICS 

1932 THE DEATH OF SIMON 

1933 DR EDWARD DENES, BIOGRAPHY 

1935 VITALITY 

1936 THE ACHIEVEMENT OF HAPPINESS 

1937 NAPOLEON, MEDICAL BIOCRAPHY 
1939 MIDDLE ACE IS WHAT VOU MAKE rT 
ig^I UNCONQUERED ENEMY (CANCER) 

1944 THE CIVILIZED DISEASES 

1945 THE STORY OF PENICILLIN 

1947 JEALOUSY A PSYCHIATRIC APPROACH 



ALEXANDER FLEMING 


THE 


MIRACLE DRUGS 


by 

BORIS SOKOLOFF, M.D.,Ph.D. 

Director of Research, 

Florida Southern College 



PRENTICE-HALL, INC. 
New York 



COPYRIGHT, 1949, BY PRENTICE HALL, INC 
70 FI FTP I AVENUE, NEW YORK 1 1 

All rights reserved No part of this book may be reproduced 
in any form whatsoever without written permission from the 
publisher, except by a reviewer who may quote brief pas 
sages in a review to be printed in a magazine ora newspaper 


Second Priming June 1951 


nuvrra iv Tire f-wto stato or America 



Contents 


1 Two Ideas Pasteur vs Ehrlich 7 

2 The Magic Bullet’ 15 

3 Sulfonamides Rediscovered 28 

4 When Dog Eats Doc 57 

5 Discovery of Penicillin 72 

6 Penicillin— Cinderella of Science 95 

7 Penicillin — an Antimicrobial Agent 111 

8 Penicillin vs Infectious Diseases 130 

9 The Story of Patulzn Clavac/y 161 

10 Streptomycin, Neomycin, and Tradicin 16S 

11 Actinomycin and Streptothricin 196 

12 The Story of Tyrothricin 204 

13 BacitrAcin-Subtilin and Polymyxin 211 


14 Aureomycin, Chloromycetin, and Terramycjn 218 

15 The Antibiotics and Sulfonamides vs Infectious 


Diseases 229 

16 Man Acainst Microbe 248 

Footnotes 257 

Bibliography *** 
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Two Ideas: Pasteur vs. Ehrlich 


On December 27, i8g2, a great celebration took place in 
Paris. The \ast hall at the famous Sorbonne was crowded 
far beyond capacity. The Republic of France and tire scien- 
tists of the world were celebrating the seventieth birthday of 
Louis Pasteur. Ministers and ambassadors, members of the 
French Chambers, foreign delegations, and eminent scientists 
came to pay their respects. Pasteur’s collaborators, among 
them Pierre Emile Roux, Jules Bordet, Charles Chamber- 
land and Elie Metchnikoff occupied seats of honor. Pasteur, 
a short, bearded man with gray hair and tired features, was 
deeply mo\ed. Almost too ill to speak, he choked with deep 
emotion when an elderly man, as old as Pasteur himself, 
arose to address the assemblage. This distinguished-looking 
figure with wavy hair and heavy sidewhiskers was Dr. Joseph 
Lister, the famous English surgeon. 

’’You have raised the veil that for centuries cloaked the 
infectious diseases,” he said to Pasteur. 

With an effort Pasteur got to his feet and embraced him. 
jRcrtsnir - crniAf nut cftrAver iter own aiAtVesv. Jffir vtnhf, oncer 
pov, erful and commanding, was now thin and shrill. His son 
read his paper. 


7 



THE MIRACLE BRUGS 


' Whether or not our efforts are fav ored by life, let us be 
able to say, w hen we approach the great goal, 'I have done 
what I could ’ " 

This dramauc scene was symbolic Here were two men who 
had been fighting shoulder to shoulder for the same ideas. 
Both had been persecuted and criticized yet each had tn 
umphed One had laid the foundation for die science of 
bacteriology, for Pasteur is the acknowledged father and 
creator of this branch of science, a man whose service to 
humanity is beyond appraisal Lister liad founded the applied 
science of antiseptics, for he was the first to advocate the use 
of disinfectants for wounds and infections While die progress 
in bacteriology was spectacularly dramatic, the science of anu 
septics developed slowly and painfully Its achievements were 
sometimes superficial and often controversial in nature 

In 1867 Lister, dien Professor of Surgery at Glasgow Uni 
versity, published in the British Medical Journal (vol 2, p 
246, 1867) his paper, revolutionary for his time, entitled ’ On 
the Antiseptic Principle in the Practice of Surgery In his 
introduction Lister wrote 'When it had been shown by the 
researches of Pasteur that the septic property of die atmos- 
phere depended not on the oxygen or any gaseous constitu 
ent, but on minute organisms suspended m it, which owed 
their energy to their vitality, it occurred to me that the de 
composition in die injured part might be avoided widiout 
excluding the air, by applying as a dressing some material 
capable of destroying the life of the floating particles ’ He 
then described m detail how he had succeeded in keeping 
wounds clean and uninfected. 

As a great surgeon and a man of vision he was appalled by 
the high mortality rate of patients vs ho survived surgery but 
then died from blood infections. Inspired by the work of 
Pasteur, he had determined to apply the discoveries of the 
French scientist He accepted without reservation the pos 
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tulate that the infection of wounds and fractures was caused 
by microbes, although at that time little was known about 
disease producing germs He reasoned if only the mysterious 
agents of infection could be kept out of human flesh, the 
healing of wounds could proceed without delay or painful 
complications 

But how to achieve this goal? How keep the wounds free 
of pathogenic bacteria? One day several of his friends brought 
to his attention a newspaper article about the effective use of 
carbolic acid for the disinfection of sewage m Carlisle Lister 
was inspired If carbolic acid could prevent putrefaction it 
might also serve as an antiseptic for wounds So he decided to 
use this chemical in his surgical procedure 

To make his technique more effective and to make certain 
no microbes would contaminate the wounds. Lister applied 
carbolic acid solution on a wide scale Not only the skin of 
the patient, but instruments sponges, ligatures and dressings 
were washed and soaked in this solution, the hands of the 
surgeon also received a carbolic acid bath before the opera 
uon This technique which today would be considered quite 
extreme and not entirely rational, brought immediate results 
The number of postoperative infections and consequently 
the deaths in Listers practice, dropped miraculously from 
almost 50 per cent to 10 per cent With every new surgical 
case m which antiseptic measures were taken Lister became 
more enthusiastic. He advocated the use of die carbolic acid 
solution m surgery so convincingly that soon many other 
surgeons accepted his technique Carbolic acid in surgery 
became die vogue and remained so for more than two dec 
ades It was large!) used m infections, and an attempt was 
even made to use it as an internal antiseptic bp injection 
under die skin 

Lister had not been the first surgeon to use carbolic acid 
m the operating room A few years earlier. Dr Georges De 
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clat a French surgeon had explored its antiseptic properties 
not only in surgery, but also in the treatment of many local 
infections of the shin and throat He had e\ en published a 
treatise on this subject Nouvelles Applications de L'Actdc 
Pheruqve en Medicine et en Chtntrgte, 1864 But it was 
Lister ruth great drive and almost fanatical faith plus Ins 
dynamic capacity for persuasion who was able to establish 
this technique as an indispensable step m every surgical oper 
ation To him must go the credit for originating that branch 
of medical science— antiseptic surgery 

In spue of the fact that carbolic acid was effective in sur 
gery, its limitations as an antiseptic gradually were recog 
nized As progress was made in bacteriological technique it 
was soon proved that carbolic acid which in a 3 per cent 
solution is to some extent harmful to living tissues was un 
able to destroy all bactena It became evident that this prep- 
aration could hardly be considered an ideal antiseptic even 
for externa! use 

Many other chemicals and compounds were suggested 
tested and subsequently applied with varying degrees of 
success Yet none met the requirements of an ideal antiseptic 
While m a very low concentration they were often detn 
mental to microbes many were also harmful to some extent 
to living tissues Although many of these antiseptics are 
widely used even to the present day all as A matter of fact 
are poisonous to the human body m die concentration neces- 
sary to hill the microbes For tins reason none can be in 
jetted into the system as an internal antiseptic \et as years 
went by medical scientists became more and more eager to 
find a substance that would truly prove to be the efficient 
internal antiseptic 

At the time Lister was laying the foundation for the use 
of antiseptics in medicine and had actually taken the first 
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step m the direction of chemotherapy, the scientific world of 
Europe i\as in a state of confusion The theory of sponta 
neous generation still dominated the minds of man) leading 
medical men, who defended it with ferocity and anger against 
that small group of pioneers headed by Lister, Pasteur, and 
Tyndall As late as 1867, E Halher, of Jena, tried to prose 
that molds could be transformed into bacteria, using his ob- 
senations as evidence of the spontaneous-generation theory 
Only tiie work of Pasteur, De Bary, and Robert Koch dealt 
die final blow to this relic of religious superstitions which 
originated in the dark days of the Middle Ages 
Once science was freed forever from the influence of that 
theory, the progress of bacteriology proceeded with remark 
able swiftness Now that science had grasped the technique of 
the isolation and cultivation of bacteria the attention of 
Pasteur and his associates was focused on the fundamental 
question How can the organism defend itself against the 
invading germs 5 Pasteur by now an old man, interested him 
self in the recovery of various animals from infectious dis- 
eases How could one he wondered increase the resistance 
of the organisms of animal and man alike against the disease- 
producing germs 5 His first experiment in tins direction was 
to inject chicks with old no longer virulent cultures of cluck 
cholera, against which die organism could defend itself more 
successfully The infected fowl became only mildly ill and 
soon recovered from the infection He labeled such a tired 
culture an attenuated virus At once he realized the prin 
ciple of this reaction namely the setting up of an immunity 
against the germ These tired cultures he called vaccines' 
A few y ears later he elaborated the attenuated v irus against 
nines 

But how does the organism defend itself against invading 
germs'* What is the principle of lmmumt)? What is its bio- 
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logical nature? Pasteur himself did not answer these ques 
uons But his disciples, Bordet, Metchmkoff, Roux, and Bes- 
rcdka gave them great attention. 

Investigating the common water flea Daphnia , Metchmkoff 
came upon a peculiar phenomenon Injecting into the body 
of this flea some fungus like germs lie observed that the 
organism of the flea defended itself by sending small, mobile 
cells to attack the invaders He continued the same expen 
ments With mice and frogs and found there the same savage 
war between the invaders— the germs— and the defenders— the 
mobile cells of die organism If the bacteria were not sufS 
ciently virulent and numerous they fell victim to the defend 
ers and were actually devoured by the mobile guards of the 
body Metchmkoff called these minute cells of the organism 
phagocytes Gradually his theory of phagocytosts became ac 
cepted as the correct interpretation of the general nature of 
the defense mechanism of the human and animal body 

Following die fundamental ideas of Pasteur and Metch 
mkoff their disciples visualised that the fight against mfec 
Uons called for measures which would destroy the invading 
germs by explomng die natural defense mechanism of die 
body They firmly believed that medical science should fol 
low the paths of research indicated by these natural forces 
which dominated and controlled the human organism forces 
which could not be changed and should not be neglected. 
Increasing the natural resistance of the organism preparing 
various types of vaccines extending immunization against 
as many types of bacteria as possible— dm was the research 
procedure which the disciples of Pasteur charted and followed 
faithfully 

As early as 1877 Pasteur observed that some bacteria were 
capable of tnhibiung the growth of the anthrax germ The 
notion diat some bactem commonly present in die human 
body but harmless to their host might produce substances 
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which possessed the property of destroying disease-producing 
germs appealed to the disciples of Pasteur. Numerous at- 
tempts in this direction were made at the Pasteur Institute 
with little practical result. In spite of their failure to isolate 
an antibacterial substance from molds and bacteria, the idea 
persisted with the workers of the Institute that some day 
such a substance, harmless for human beings but detrimental 
to germs^ might be discovered. But they never expressed the 
conviction— they never had any such conviction— that such a 
substance would be capable of destroying the germ directly 
when introduced into the blood stream. They visualized this 
anti-germ material as one which would cooperate with the 
defense forces of the organism and strengthen them. 

Quite another approach to this problem was attempted 
by the scientists in Germany. Paul Ehrlich and his followers 
firmly believed that a "magic bullet," which would kill each 
and every germ, could be discovered. In accordance with his 
famous side-chain, or receptor, theory of immunity and his 
belief in the chemical nature of the phenomenon of im- 
munity, Ehrlich stubbornly and persistently searched for a 
"magic bullet," an antibacterial chemical compound. He gave 
little consideration to the natural defense forces of the or- 
ganism as such. 

The sulfa drugs are the children, the creations of Ehrlich’s 
school. The natural antibiotics, penicillin and other sub- 
stances extracted from molds and bacteria, reflect to a great 
extent the general idea of an antibacterial substance which 
dominated, and still dominates, the work at the Pasteur In- 
stitute. But tire paradox concerning these two conflicting 
ideas on the proper method of Fighting germs, is that neither 
concept has quite been realized. The sulfa drugs are net 
"magic bullets” which kill the germs directly, nor do the 
antibiotics, which are isolated from molds and bacteria, in- 
crease the natural resistance of the organism. 
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The basis of present-da) chemotherapy lies somewhere 
between these two concepts As frequently in scientific re 
search the conflict between two different, and often opposing 
ideas brought m the end a remarkable success to which 
both of these scientific schools contributed greatly As a mat 
ter of fact, it is still not established precisely how sulfa drugs, 
penicillin and other antibiotics destroy germs Nevertheless, 
the fact remains that they are truly miracle drugs 
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The biological laboratories in Germany at the end of 
die last century presented a curious picture. At the University 
of Heidelberg, and at the much more modem University 
of Hamburg, one found the same strange situation. In fact, 
all over Germany scientists were deeply engrossed in the in- 
vestigation of dyes. Everywhere, whether in the famous labo- 
ratory of Professor Otto Butschli or in some obscure hospital 
laboratory, investigators were concentrating on the study of 
die effect of dyes on dead and living tissues. Numerous 
azo-dyes were being tried in various combinations for die 
differential staining of tissues, as well as for their therapeutic 
effects. 

Tin's concentration was not entirely accidental. It was a 
logical by-product of the enormous growth and expansion of 
the I. G. Farben Industries. Obviously, this powerful organ- 
ization stimulated and encouraged these investigations to 
furdier their commercial activities- The scientific articles 
published m ^Germany during the first two decades of this 
century contain hundreds of papers dealing with various 
dyes and stains and their application to experimental cytology 
and medicine. 

15 
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'When Paul Ehrlich entered the medical school of Breslau, 
histology, the science oE tissue structure, was receiving great 
attention in Germany. From his first student years the intrin- 
sic nature of living cells attracted Ehrlich’s attention. This 
was the period when the mechanistic theories were gaining 
acceptance and young students, biological and medical alike, 
were seeing living cells and organisms in terms of chemical 
"machines.” Biological chemistry, still rudimentar), inflamed 
their imaginations by the exciting prospects which the new 
discoveries had opened ‘‘The living cell is nothing but a 
smalt chemical plant," the young Ehrlich, proclaimed. At that 
time he was, properly speaking, much more interested in 
cytology and histology than in medical science. Instead of 
learning about the symptoms and diagnosis of various diseases, 
he gave his attention to the technique of tissue dyeing. The 
aniline dyes fascinated him. Even then, young as he was, and 
ignorant of bacteriology, he intuitively felt that there were 
vast possibilities and a great future in the application of dyes 
for therapeutic purposes. 

Pasteur had already made his important discoveries when 
Ehrlich was still playing with dyes, having no dear idea to 
what purposes they might be put, except for the staining of 
living and dead tissues. Along the same lines, his doctor’s 
thesis was entitled: "Contribution to the Theory and Practice 
of Tissue Staining." 

He was past thirty, restless because he bad not yet found 
his creative bent, when quite by accident he witnessed Robert 
Koch's demonstration of his newly discovered tubercle badl- 
lus. Koch’s report made a deep impression on Ehrlich. In 
fact, this marked the turning-point in his life. At last he saw 
the road opening before him and what he roust do. To fight 
germs with his beloved aniline dyes, to make these dyes effec- 
tive against germs— at last his destiny was dear. His plans for 
future work were vague and not yet crystallized, hut he li2d 
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an inner feeling that he would soon be following a direct line 
to his goal He decided to work with Koch and to leam more 
about the disease causing germs It was he who taught Koch 
to stain the tubercle bacillus properly In return, he gamed a 
grasp of the newly bom science of bacteriology 

Ehrlich was quite exhilarated by the fact that he had sue 
ceeded where Koch had not It was a small thing, this staining 
of the tubercle bacilli, and yet he was able to prove to the 
great bacteriologist that he was wrong to assume that the 
tubercle bacilli could not be stained Using the aniline water 
gentian violet, he at once prepared numerous slides of the 
same bacteria, which appeared a brilliant shade of violet 
under the microscope Here, at least his faith that there must 
be an affinity of the cell of the bacterium for some specific 
dye, found convincing proof 

For several years he was associated with the Institute of 
Robert Koch m Berlin The work there was absorbing but it 
had no direct connection with his obsessive idea of using 
azo-dyes for therapeutic purposes 

Now and then he snatched a little time to make a few ex 
penments with the dye of his choice, methylene blue Im 
pressed by the fact that when injected into the blood stream 
this dye had an affinity for living nerve cells and would stain 
them blue, Ehrlich embarked on a rather bold experiment 
'Why not treat pain with this dye? he asked himself He 
promptly decided to inject the blue dye into the blood streams 
of patients suffering from pain caused by tumor growths The 
injections were well tolerated but they gave no relief from 
the pain 

However, from this failure a new idea gradually crystal ^ 
heed m her mmcf * WTrat type of ato-dye sfroedd be used to 
kill germs? ’ he asked Certainly not the dye which stained all 
living cells of the organism that was now clear One must 
find a dye which would stam living germs, but leave un 
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touched the tissues of the human body a selective dye with a 
highly pronounced affinity lor the germs Thus his plan of 
attach on the problem was prepared but many years passed 
before he was in a position to work in this direction In the 
meantime he became engrossed in the investigation of lm 
munuy 

He had an analytical mind He would develop some theory 
and elaborate it precisely To him these theories were Idee 
houses he planned to build he wanted to blueprint every de 
tail far m advance His exactness in calculation was absolute 
and to some of Ins colleagues even appalling His approach 
to scientific problems was the opposite of Pasteurs The 
French scientist never depended on his own preconceived 
theories but conducted his mvesugations along the lines of 
some working hypothesis which he never fully accepted or re 
jected unul his experimentation provided sufficient evidence 
But Ehrlichs mind often stubbornly and persistently de- 
fended a theory which he had conceived long before die ex 
perimental data was accumulated 

His theory of immunity was die wurk of a brilliant intel 
lect small wonder that it dominated bacteriological thinking 
for die next twenty years 

His side-chain theory is not easy to explain for while it is 
impressive in die perfection of its logical structure it is full 
of theoretical speculations Why should die organism become 
resistant to certain bacteria 5 How is an immunity toward 
some types of bacterial toxins set up in the tissues of the body 5 
Ehrbch tried to answer the same questions which Pasteur had 
left unsolved at his death When Ehrlich had been a young 
student he had regarded the living cell as a minute chemical 
plant He remained faithful to this concept. On this assump- 
tion he built his theory of immunity which today appears to 
be somewhat oversimplified and far from convincing 

The Jiving cell is conceived as consisting of a central chemi 
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cal nucleus, which Ehrlich called the Leistungskem. On this 
nucleus, which is more or less stable, the function of the cell 
depends to a great degree. Through its side chain of atoms 
this chemical nucleus enters into relationship with various 
chemical substances. Thus we may imagine the chemical 
central nucleus as, for example, the central carbon ring in 
aspirin (salicylic acid) in which the hydrogen atoms represent 
side chains. 

The cell, therefore, is considered an independent chemical 
unit, different from others because of its Leistungskem but, 
with the help of its side chains, in constant intercourse with 
various materials and constantly getting rid of waste products. 
In order to enter into similar relationship with toxins of bac- 
teria, the living cell unites with the antibodies substances. In 
some instances the cell assimilates these substances harmlessly. 
In other cases, it might be injured in the process. That, in 
brief, is the essence of Ehrlich’s theory of immunity, which 
made him known to every bacteriologist of his time. 

In igoi Ehrlich, forty-seven years old, was the head of his 
own laboratory at Frankfort on the Main, the seat oE the 
I. G. Farben Industries. He was now very close indeed to 
the center of production of his beloved dyes. Yet his idea 
of the "magic bullet" was as far from realization as it had 
been ten years before. His laboratory was small and poorly 
equipped, although it carried the rather imposing title of 
"Royal Prussian Institute for Serum Testing." 

However, Ehrlich was not a man to lose courage. More 
than ever, he was cominced that he would some day discover 
an ideal drug to kill germs. Meanwhile, he was busy with the 
work of testing serums. He soon succeeded in the develop- 
ment of a precise method of testing antiserum for diphtheria. 
This was of considerable practical importance. 

The minds of men sometimes operate in unpredictable 
ways. This man of intellect often acted on impulse, as though 
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following some inner voice As early as 1880, more than 
twenty years before, the agent of malaria had been discov ercd 
by Alphonse Laser an, who had described the organism later 
called Haematozoa malanae Soon similar organisms, also 
parasitic umcellulars which caused sleeping sickness in man, 
as well as dangerous diseases m horses, tv ere described by the 
workers at the Pasteur Institute Ehrlich knew about thee 
discos enes but, at the time paid no particular attention IQ 
them When he learned that Laveran was able to transfer 
Trypanosoma equinum , the parasite which affects horses, into 
mice he became quite excited Here is the organism with 
which we must work he explained Let us transfer the 
trypanosomes to mice and treat them with dyes Thus, m 
1 902, began a new period m his research activity He was 
working with dyes in search of the magic bullet. * 

The organism with which Ehrlich was now working was 
originally discovered in South America in dying horses This 
aggressive unicellular with the beautiful small tail was killing 
horses by the thousands for it caused a sickness known as mal 
de cadcras When transmitted to mice the infection became 
as grave as in horses It killed the animals in fifteen to twenty 
days if not earlier To Ehrlich, the path of the investigation 
was now dear Together with a Japanese doctor, K Shiga, he 
began the task of finding the therapeutic drug among the 
hundred various dyes m his laboratory One after another 
they tried azo-dyes and watched the mice infected with 
trypanosomes. The mice treated and untreated alike, died 
from the terrible infection The symptoms were not affected 
by the injected dye, nor did it delay the deadly action of the 
germ 

Fot two long years they tested about four hundred dyes, 
only to find that not one had any therapeutic effect upon the 
sick mice Their deaths came as promptly as though nothing 
had been administered to save them 
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Ehrlich was not disappointed; he was not a man to Jose 
confidence. His theory must triumph. “Some day,” he re- 
peated, “the magic dye will be found.” 

Suddenly he was seized by a new idea. “I know now what 
is wrong with our dyes,” he said to Dr. Shiga. “They have no 
specific affinity for the trypanosomes. We must make a dye 
which will have a specific action upon them. Why not im- 
prove the dye by adding a sulfo compound to it?” 

This was not an easy task. Ehrlich was obliged to ask the 
help of the Farben Industries chemists. They promptly sup- 
plied him with a red azo-dye containing sulfo group, which 
was called trypan red. This was slightly effective, but not suffi- 
ciently so to cure die disease. Some of the mice infected with 
trypanosomes and treated with trypan red did live longer; 
some, however, died as promptly as the untreated mice. The 
experiments were not a success, particularly when Ehrlich 
tried to treat dogs. The dogs treated with tTypan red died 
even faster than those diat had not received the drug. 

Ehrlich had lost the first Tound, but not entirely. He had 
proved that the azo-dyes containing sulfo group had some 
therapeutic effect on the agents causing sleeping sickness and 
tnal de caderas. Even more important was the fact that his 
work aroused considerable interest in the medical circles of 
Frankfort on the Main. There was much discussion of the 
doctor who was seeking a miracle drug for certain dangerous 
diseases. 

In 190G a rich widow, Mrs. George Speyer, decided to 
sponsor Ehrlich’s work. She gave him the money to build a 
laTge laboratory for his experiments. Thus the George Speyer 
Institute was founded and put at his disposal. From now on 
he had everything he needed to work at full speed on the idea 
which he had been nursing for so many years. There was no 
more worry about funds for his investigations. 

The azo-dyes were a disappointment. He decided that a 
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new compound must be found His attention turned to a 
preparation recently described under the name of atoxyl It 
was claimed that atoxyl was effective in treating mice infected 
with the agent of sleeping sickness The drug had even been 
tried on a few African Negroes with some degree of success 
but due to the toxicity of the drug with a high rate of mor 
talxty Atoxyl was actually too harmful for use in medical 
practice for it was made of a benzol ring with attached to it, 
a compound of oxide arsenic The formula itself suggested 
that the drug must be damaging to human beings 

Ehrlich realized that the compound was of a poisonous 
nature but he saw in it a seed of potentiality We may as 
well modify the drug he announced to his collaborators 
and make it harmless. 

Thus began (us famous investigation of arsenic compounds 
which in die end brought into existence salvarsan Ehrlichs 
GoG The researchers hurdled many obstacles and oiercamc 
many difficulties They prepared endless numbers of com 
pounds during the two years that followed his decision to find 
a harmless and yet potent antibacterial drug consisting of 
arsenic and azo-dye Each compound was numbered And 
each new sample when tested on the mice infected with sleep- 
ing sickness was a failure Months wenr by without any hope 
of success His collaborators were exhausted by this fantastic 
hunt for an unknown substance and long before had given 
up any hope of finding the magic drug Sometimes a new com 
pound seemed to prove slightly more effects e The course of 
the infection was delayed in the mice only to prote a few 
days later that the newly prepared drug was either too toxic 
or of Such minor effectiveness that it was powerless to kill die 
germs Ehrlich s fundamental idea was to find a drug which 
in a single dose injected into the organism would destroy all 
germs But one powerful dose was often lethal divided into 
smaller doses the drug might not work at all 
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The only man who never lost his courage, who always re- 
tained his enthusiasm, was Ehrlich himself. He never ceased 
seeking to inspire his associates with his own faith. When 
more than three hundred compounds had been prepared and 
still there was no visible sign of success, even Ehrlich showed 
evidences o£ moral exhaustion. But precisely at this critical 
moment he received encouragement he had not expected. In 
igoS, in the midst of his wild search for the “magic bullet," 
he was awarded die Nobel Prize, to be shared with Metch- 
nikoff. This event seemed to him to be an indication that he 
was on the right track. 

Almost two years of intensive, heartbreaking investigation 
had passed. Six hundred compounds had been prepared. 
Each had been carefully tested on animals and each had 
proved to be of no practical value. Then, quite unexpectedly, 
came the first glimmer of success. When they began to work 
on the compound bearing the number 601, the Telarive harm- 
lessness of the drug and its effectiveness became evident. The 
drug was still far from perfect, but there was hope that, with 
slight improvement, it might work. 

Shortly afterward, die compound "606” was prepared. 
Great credit for this discovery should be given to Dr. Franz 
Berthcim, Ehrlich’s associate in this work. A brilliant chem- 
ist, he was able to achieve what had hitherto been impossible. 
The arsenic part of the drug was rendered almost nontoxic. 

Yet when “GoG,” later named salvarsan, was tested on the 
mice infected with sleeping sickness, it did not ha\e die ef- 
fect which had been andcipated. Some of the mice were 
cured; others, however, showed no signs of recover)'. Alto- 
gether, the drug was not very effective in the treatment of 
sleeping sickness and mal de caderas in mice. 

A few )ears before Ehrlich plunged so deeply into his 
search for an ideal drug, a German protozoologist, F. Sdiau- 
dinn, working with Dr. E. Hoffmann, had discovered in syph- 
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ilmc ulcer a microorganism which was identified as a Spiro- 
chete At first Schaudinn thought that this microorganism— 
the germ of syphilis— svas not a bacterium, but a unicellular 
He railed it Treponema pallidum We now know that the 
syphilitic spirochete belongs to the bacteria group, although 
it possesses some characteristics distinctly different from those 
of topical bacteria Ehrlich was most impressed by the fact— 
an error on the part of Schaudinn— that the germ of syphilis 
was of the same class of microorganisms as the agent of sleep- 
ing diseases. 

The possibility of treating syphilis inflamed Ins imagina 
tion 4 1 will be able to sate millions of lues! he shouted to his 
colleagues ‘ Let us try saharsan on syphilis He already 
knew that the germ of syphilis could be transferred to rab- 
bits, E Bertarelli had proved this m 1906 Instead of mice 
Ehrlich ordered large numbers of rabbits and began to infect 
them with the spirochetes In this work, Dr Sahachiro Hata, 
another Japanese doctor assisted him 

Four weeks later a dozen rabbits showed evidence of 
syphilitic ulcers There was no doubt that the ulcers were 
very active and full of dangerous spirochetes Ehrlich and 
Hata both made the microscopic examinations, to be sure 
that they were dealing with fully developed infections 

Late in August, igog they decided the time had come 
to test the saharsan Both were nervous Both had the feeling 
that it was a decisive moment for the whole research idea. 
If the drug was a failure would it mean the end of their 
dreams- 1 They chose three rabbits with the l3Tgest ulcers Dr 
Hata injected the drug into the ear vein of each animal, 
each rabbit received only a single injection 

That night Ehrlich could not sleep Early in the morning 
he burned to the laboratory to examine the rabbits They 
were alive The ulcers also looked different They seemed 
dried up, less inflamed. 
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Dr Hata promptly examined the contents of the ulcers 
under the microscope A miraclel They could not find any 
more spirochetes jn the ulcers 

Ehrlich was jubilant, perhaps overenthusiastic. On Sep- 
tember 15 lie wrote "It is evident from these experiments 
that, if a large enough dose is given, the spirochetes disap- 
pear completely, and almost immediately after the injection 
Soon lie realized that this was not exactly true, and that 
some spirochetes remained alive a day or two after the m 
jection of the drug However, for Ehrlich it was a triumph 
of the idea which he had defended so faithfully for more 
than twenty years His miracle drug Ins magic bullet, was 
discovered at last 

Now he was m a position to make tests on apes Six years 
before, Metchmkoff and Roux had reported that they had 
succeeded in infecting a female chimpanzee with human 
syphilis But their method was neither quick acting nor 
satisfactory Ehrlich ordered several chimpanzees When they 
arrived, he infected them with the syphilitic germ using the 
pure culture of spirochetes Several weeks later the animals 
were affected with typical syphilitic ulcers, almost identical 
to those of man 

This time Ehrlich decided to give the animals a much 
larger dose ' Only a large dose can do the trick, he declared 
The drug, almost one gram, was injected into the vein of 
the chimpanzee Two days later no sign of living spirochetes 
could be detected m the ulcers He repeated the same ex 
penment on other chimpanzees with the same gratifying re- 
sults A single dose of salvarsan was capable of completely 
curing the apes who had been infected with experimental 
syphilis 

The ground was broken for clinical investigations The 
salvarsan experiments on animals were so conclusive and 
impressive that Ehrlich decided to begin tests on human be- 
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mgs In the beginning he asked only a few of his physician 
friends to treat their patients with the dmg But when the 
first results of the treatment ami ed— and they' were highly 
enthusiastic— salvarsan was distributed throughout the pro- 
fession on a wide scale 

Then disturbing news began to reach Ehrlich Several 
patients h&d died soon after the injections Others although 
treated, were not cured The drug, at least in a single dose, 
was ineffective After one year of intensive clinical imesu 
gation, it became clear that salvarsan was not a magic bullet’ 
for syphilis Only cases of fresh infection responded in a 
satisfactory manner Syphilis cases of long duration showed 
considerable resistance to the treatment with salvarsan. But 
worst of all was the toxiaty of the drug While some persons 
seemed to tolerate it well others had dangerous reactions 
often resulting in death 

Appalled and distressed, Ehrlich began to work on the 
improvement of salvarsan Soon he announced a less toxic 
drug of higher efficiency He called it neo salvarsan or Ehr 
lich s 914, a condensation product of formaldehyde, sul 
phoxylate of sodium, and salvaisan It was much less toxic 
and did not produce the necrosis of the veins which salvarsan 
often did But even neosalvarsan was far from the “magic 
bullet’ of Ehrlich 5 dream It helped in syphilis, and it was 
able to cure certain fresh infections but it was much less ef 
ficient m long-standing cases of syphilitic infection Although 
a valuable discover), and a great step in the chemotherapy 
of infectious diseases, it was a disappointment to the man 
who all his life Iiad visualized a magic bullet which would 
save mankind at one stroke from its eternal enemy, disease 
producing germs 

Three years later, on August 20, 1915, Dr Paul Ehrlich 
died, the shadow of the man who had held so fanatically to 
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his idea. While he did not achieve the goal to which he was 
drawn as by some unknown force, he was the creator of the 
new science of chemotherapy. For he cut new trails through 
the unknown, and prepared the ivay for the future progress 
and success of chemotherapy. 
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Sulfonamides Rediscovered 


The climax of Ehrlich s activity was the discovery of salvar 
san It was a uctory of chemotherapy the triumph of the 
theory lie had so ardently propounded But after the first 
days of excitement among his associates in the investigation 
who alongside him had created the foundation for chemo- 
therapy, an inner crisis gradually began to develop m this 
branch of science 

As years went by and no further noticeable progress in 
chemotherapy was recorded the optimism of Ehrlichs day 
gave way to gloom and defeatism Had the great German 
scientist been on the nght track in his search for a magic 
bullet which would kill germs by a single blow yet leave 
the tissues of the human organism unharmed? Salvarsan was 
by no means a magic bullet. Its effectiveness against the 
spirochetes was only slightly higher than that of older reme 
dies used in the treatment of syphilis Nor was the drug com 
pletely harmless to vital organs of the human body, as 
Ehrlich had hoped 

Inevitably, the question was raised anew could such a 
magic drug ever be discovered could such a drug actually 
exist? Was not the whole quest for an antimicrobial agent 

23 



SULFONAMIDES REDISCOVERED 29 

much more complicated and the interrelationship between 
pathogenic bacteria and their hosts much more intricate, 
than the Ehrlich school had assumed? It was pointed out— 
and with good reason— that Ehrlichs success was limited to 
the therapy of an infection caused by spirochetes, which are 
not typical bacteria No data existed, nor any records of sue 
cess in the treatment of infectious diseases due to pathogenic 
bacteria 

More and more the attention of medical scientists turned 
bach to Pasteur s first formulation of the principles of bodily 
resistance to bacterial infections Again the work on \accmes 
and antitoxins became the focus of attention and the center 
of investigation 

Once more the old theory of microbe exhaustion was re 
vived, reappraised and applied in the discovery of bacteri 
ophages These mysterious substances were discovered m 
dependency by F W Twort an Englishman, and F 
d Herelle, a Frenchman Dr Twort was seeking a vaccine 
against virus One day in 1915, working with a culture of 
micrococci, he noticed a strange development The culture 
plate containing tins microorganism went through a peculiar 
change The colony of the germ became glassy and trans- 
lucent When the matenal was transferred to another plate, 
also containing the same germ, the same thing happened 
again Apparently the substance produced by die germ was 
capable of destroy ing the germ itself 1 

Two years later. Dr F d Herelle, working in Mexico on 
an infectious disease of locusts came across the same phe- 
nomenon He knew nothing about the work of Twort. He 
found that the filtrate of the feces of patients who were a£ 
fccted with dysentery, and who had recovered from die in 
fection, dissolved the germ of dysentery 2 

Further investigations showed that this bactena-destroymg 
substance is found m the organisms of man and animal alike 
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after recovery from infectious diseases This substance was 
called bacteriophage, which means "devourer of bacteria/ 
When this peculiar substance was examined under the mi 
croscope, it was found to consist of infinitesimal bodies that 
were not visible under ordinary methods of examination 
They ranged m size from eighty micrones to hardly ten 
micrones in diameter 

Heated discussions arose about the nature of these “de- 
voured of bacteria Some expressed the opinion that they 
were parasitic ultra microorganisms of bacteria, and that 
they were, therefore, living organisms D Herelle himself de- 
fended the viewpoint of the living nature of bacteriophages * 
He believed that the devourers of bacteria ' greatly helped 
the organism m reco\ ering from infection The appearance 
of tire bacteriophages, which possessed such extraordinary 
power to destroy germs m the infected organism, he rea 
soned, must result in recovery from the infection. Bordet, 
however, argued that this substance was not a living organ- 
ism, but a lysogenic ’ factor derived from the bacterial 
cells 4 

Whatever the nature of the bacteriophages, the fact re- 
mained that the) were present in the intestinal tracts of man 
and animal after the infection had subsided and that they 
actually did destroy the bacteria Thus, they were an in 
dispensable part of the defense mechanism of the organism, 
helping to resist invading germs 

During the fifteen years following this discovery the most 
intensive investigations were pursued on this subject in van 
ous laboratories, both in die United States and abroad It 
was hoped that the bacteriophages might be used in die 
treatment of infectious diseases As a matter of fact, many 
such attempts were made, vmh little success Bacteriophage* 
were used for die treatment of blood infections caused by 
certain germs, and for local infections, but the results of die 
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tlierapy were far from being either convincing or encour- 
aging. 

In spite of the fact that bacteriophage therapy has played 
a very insignificant role in the fight against microbes, and 
the practical application of this discovery amounted to al- 
most nothing, the theoretical interest was enormous, and 
overshadowed every trend in the search for a magic drug. 
For two decades the action and nature of the defense mecha- 
nism of the organism against invading germs was the chief 
topic of investigation and of avid attention on the part of 
medical scientists. The search for a magic drug appeared to 
be abandoned. 

r A quarter of a century had passed since the discovery of 
salvarsan, years which brought little hope or encouragement 
to those who had participated in the momentous work of 
Ehrlich. The year 1935 found chemotherapy at a standstill, 
without any prospects for future progress. In that year 
rumors began to circulate in the medical circles of Germany 
regarding a remarkable antimicrobial substance which had 
been discovered at the laboratories of the I. G. Farben Indus- 
tries, in Frankfort on the Main. It was said that the investi- 
gation of this drug had been carried on for two years and the 
results so far obtained surpassed all expectations. 

In the June, 1935, issue of die German medical journal 6 
appeared a three-page article, entided "Chemotherapy of 
Bacterial Infections” by Dr. Gerhard Domagk, then director 
of the institute of Experimental Pathology of the Farben In- 
dustries. The article was extremely conservative as to con- 
clusions. Dr. Domagk reported briefly that a new antimi- 
crobial drug had been investigated in the test tube and on 
animals with satisfactory results. Mice infected with a deadly 
germ (blood-dissolving streptococcus) were cured by this 
drug. The drug wa s not toxic and the animals had survived 
relatively large doses. 
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The drug was named prontosil and its chemical structure 
was 2', 4'-diatmno-azobenzene 4 suIfonamide-HCl Prontosil 
became the father of many other sulfonamides, varying in 
chemical structure but retaining the nucleus of the original 
drug The most striking fact of this newly discovered drug 
tvas that, actually, it was not new at all, but had. been rcdis 
covered 

As a matter of fact, this compound had been synthesized 
twenty seven years earlier Dr P Gelmo, a chemist of the 
Farben Industries had prepared a certain quantity of this 
remarkable drug in 1908 The sample of prontosil had been 
placed in the safe of the laboratory and disregarded until 
1933 Dr Domagk did not explain’ either the reason for the 
delay in iniestigating prontosil for microbial properties or 
why the drug had at last been brought from obscurity Ap- 
parently pure coincidence had played a role m rescuing Dr 
Gelmo’s discovery from oblivion 
In frantic efforts to revive the idea of the * magic bullet,* 
the administration of the Farben Industries had decided to 
check the inventory of the therapeutic azo compounds pre- 
pared at the time of Ehrlich 5 fame Existing records show 
that this drug had never been submitted to Dr Ehrlich for 
investigation and testing and had simply been lost in the 
hundreds of azo-dye samples produced 

In Ins article Dr Domagk made the point that the anti 
/ septic properties of azo-dyes were actually reduced by the 
addition of the sulfonamide group when tested in vitro, W 
the test tube But paradoxically enough prontosil was much 
more active than the azo-dyes m vivo m animals, moreover, 
the azo dyes were toxic and killed die animals 
As soon as the news of this discovery reached the workers 
in France, England, and in this country, intensive imesuga 
tions were undertaken to discover the active properties of 
prontosil Drs J Trefouel F Nitu, and D Boiet of die 
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Pasteur Institute o£ Pans tv ere the first to show that para 
anunobenzenesulfonanude was more elective than diamino 
azobenzenesulfonamide 8 Tlie chemical structure oE the 
drug which was named in this country **. sulfanilamide " is 
NH 2 OS 0 2 NH 2 and tv as accepted as such by the Coun 
cil on Pharmacy of the American Medical Association 
Immediately clinical investigations were begun at the In 
fants and Childrens Hospital m Boston and in other hos 
pitals here and abroad In the meantime, in 1937, Dr 
Domagk published a new and more complete article on the 
same subject, entitled Further Studies on the Chemothera 
peutical Action of Sulfonamide Compounds on Bacterial In 
fections 7 Tins paper furnished considerable e\penmental 
and clinical evidence m support of the remarkable activity 
of the drug against gonococci the germs which cause ve 
nereal disease, gonorrhea and hemolytic streptococci At 
that time three different compounds three types of sulfon 
amides had already been prepared by the Farben Industries 
Overnight die drug became famous Unknown to die 
medical profession at large in this country until 1937 it cap 
tured the attention of doctors at once by us effectiveness m 
many infectious diseases In addition to the original com 
pound known as sulfanilamide, many other sulfonamides 
were discovered among them sulfapyndine sulfathiazole, 
sulfainerazme, sulfamethazine, sulfaguamdme and sulfadia 
zine The last named was developed by Dr Richard O Rob- 
lin and lus associates at the Stamford Laboratories of the 
American Cyanamid Company in 1940 8 More recently a 
new compound known as gantnsin {3 4-dimethyl 5 sulfanili 
mido-iso\a2ole) was developed It is considerably more water 
soluble than any of the older compounds and spears to be 
equally effective therapeutically (Kirby) Particularly popu 
l 3 r now are so-called triple sulfonamide mixtures which re 
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duce the incidence o£ injur) to die kidney They are con 
sidered as a real advance in this therap) 

antimicrobial activity of sulfonamides 

Man lues in a world of microbes Bacteria are everywhere 
in the nasal cavit) , on the gums and tongue on the skin 
Some of them are harmless and rarely cause infection But 
among die masses of microorganisms which surround us, 
there are some which arc capable of producing infections 
often of a dangerous nature Most of the infectious diseases 
from which modem man suffers are actually caused b) bac 
tena which are not truly pathogenic but rather opponun 
ist. They may exist for weeks or months without causing 
any harm They live in a state of inactivity waiting for an 
opportunity to invade die tissue and blood stream of the 
organism The chance may come in die form of a decaying 
tooth a small wound or \ cold 

When the bactena invade the tissue there is a strong local 
reaction The tissue defends itself against the invader A 
sharp fight goes on between the white cells the defenders 
and the bacteria which multiply rapidly and try to extend 
die area of invasion As a result of this deadly fight pus 
forms which consists of numerous white cells and the bodies 
of dead or living germs 

In the great majority of infections the offenders are the 
bacteria of die group known as the pyogenic or pus forming 
coco Among them the most prominent and aggressiv e are 
Staphylococci, sometimes called micrococci Staphylococcus 
■was first isolated from infected wounds and described simul 
taneously in 1879 by Koch and Pasteur These microorgan 
isms arc die most frequent causes of boils carbuncles and 
other local infections But they are also capable of penctrat 
mg the blood stream to cause grave and often deadly 
blood infections. Among them the most noted aggressor is 
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Staphylococcus aureus , It is a very small, round organism 
either appearing as individual cells or forming grapelike 
dusters. The other member of the same genus, Staphylococ- 
fcus albus , is much less aggressive and therefore less patho- 
genic. However, it may cause skin infection, or even a blood 
infection. 

Among the pyogenic cocci one finds a large group of bac- 
teria which induces grave infectious diseases. They are called 
streptococci, or chain cocci, owing to the fact that they form 
chainlike gatherings. In 1879, Pasteur, discussing the prop- 
erties of his new discovery, staphylococcus, indicated the 
presence of chainlike microorganisms in some infections.® 

In 1881, L. Ogston, the English bacteriologist, described 
these bacteria in greater detail, and emphasized the differ- 
ence between staphylococci and streptococci. 10 The genus of 
streptococci is very broad and can roughly be divided into 
two groups, according to their effect upon the red blood 
cells. One group embraces the hemolytic streptococci, in 
which species the germ is capable of splitting, or dissolving, 
red blood cells and thus inducing anemia in human beings. 
The hemolytic streptococci are responsible for such diseases 
as infection of bones (osteomyelitis), infection of the brain 
cover (meningitis), scarlet fever, tonsillitis, childbed fever, 
and many skin infections. The nonhemolytic group does not 
affect tiie blood of man. Most nonhemolytic streptococci are 
harmless bacteria, but there is among them one aggressive 
organism which often causes dangerous infections of the 
heart valves. This germ is called Streptococcus viridans. 

Other members of the cocci family are: pneumococci (die 
bacteria causing infection of die lungs), meningococci (re- 
sjjansihlc, few: dvt. iwOtction. of the. brain, caver) , io.d gonococci 
(the agent of gonorrhea), as well as others which play a 
smaller role in the infectious diseases of man. 

The largest portion of the infectious diseases from which 
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modem man suffers is caused by pathogenic coca , which be 
long to die group of "Gram positive ' organisms This mys- 
terious sounding term merely means that the bacteria in this 
group can be stained by the method elaborated by Hans C 
J Gram When stained with gentian violet dye {aqueous so- 
lution) the bacteria retain die color Baciena which do not 
retain gentian violet are designated Gram negative" Thu 
division is neidier scientific nor stnedy accurate, but it is in 
common use in medical practice 

The sulfonamides have demonstrated their strongest ac 
txvity against the Gram positive microorganisms Thus, as a 
general rule, sulfonamides are very effective against Gram 
positive germs, and inactive against Gram negative organ 
tsms However, these drags are not active against all Gram- 
posiuve, nor are they inactive against all Gram negative 
bactena There are numerous exceptions to this general rule 
The most striking feature of sulfonamides is their destruc 
live activity against the blood splitting streptococcus Thu 
fact was first observed by Dr Domagh and served as a point 
of departure for all further investigations on sulfonamides 
When a small amount of sulfanilamide is added to a plate 
Containing die culture of blood splitting streptococci, the 
germs are unable to grow, and gradually pensh An even 
more striking reaction occurs when the drag is administered 
to a mouse or rat Suppose an animal is infected with the 
deadly germ, and several hours later given the drug by 
moudi or injection Even if he had already become ill, and 
the infection had spread to his blood stream, the drug can 
and does save him from deadi Unfortunately, sulfonamides 
are less powerful against staphylococci, although active 
enough to prevent or to control infections which are not ad 
vaneed or virulent in animals Hence, if the drug is given 
to the animal at the same time he is infected with the germ 
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the infection may never develop This is termed * protection 
against the infection 

Sulfonamides are also very destnictx\e to the other cocci, 
such as pneumococci, meningococci and particularly gono- 
cocci The destructive effect of tire drug on gonococci is truly 
remarkable When a mouse is infected with this germ, two 
or three drug injections are sufficient to destroy all the germs 
floating in the blood stream of the animat, and thus the m 
fection is arrested almost immediately 

Though sulfonamides have been shown to be active mostly 
agamst Gram positive bacteria it was proved that the drug is 
also detrimental to the germ of dysentery. Shigella dysen 
tenae Tins germ, which was discovered by the Japanese 
doctor K Shiga in 1898, belongs to the Gram negative group 
of bacteria 

Sulfonamides are powerless against the germs of syphilis, 
tuberculosis, and typhoid fever, as well as of many other in 
fectious diseases 11 They are also inactive against the viruses 

One question which interested scientists from the earliest 
discovery of these remarkable drugs is how they actually 
exert their destructive power upon the germs Do they kill 
the germ directly, as some antiseptics do 11 Are the sulfona 
mides the "magic bullet * of Ehrlich which was supposed to 
kill all the germs at one blow? Although the exact mecha- 
nism of action of the drug is not yet defined, all the indica 
tions are that the drug does not kill the germ directly It is 
not a bactericidal substance. Sulfonamides act on germs in 
directly They slow down the growth of bacteria and impede 
their multiplication They attenuate their life and activity 
Physiologically, the action of sulfonamides can be interpreted 
as an interference with die normal nourishment of the 
bacteria by the construction of a chemical wall which de- 
prives them of nutrients essential for their existence and 
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propagation By imposing on the bacteria a sort of involun 
tary starvation, sulfonamides exhaust the vital forces of the 
germs, and male them powerless to combat the defensive 
forces of the human organism 

What are these essential nutritive substances? The opm 
ion has been expressed based on certain observations that 
the sulfonamides interfere with the consumption of oxygen 
by the susceptible bacteria 13 On the other hand, it was also 
shown that sulfonamides prevent one of the factors of vita 
min B complex from being properly utilized by the bacterial 
cells This vitamin is known as para aminobenzoic acid It 
seems that para aminobenzoic acid is essential to bacterial 
physiology It plays an important part m the respiratory sys 
tem of the bacterial cell When this vitamin is deficient in 
the nutritive medium, the bacteria either do not multiply at 
all, or their growth is slowed down considerably This sub- 
stance is widely distributed m nature and small but de 
tectable amounts are present in animal organisms 

This fact has been known for some time, but Drs. S 
Woods and P Fildes first demonstrated that there is an an 
tagomstic action between sulfonamides and para ammoben 
zoic acid They took mice infected with deadly streptococci 
and treated them successfully with sulfa drugs In die next 
senes of ex penmen ts they added para aminobenzoic acid to 
the animals ration They again infected the mice with the 
germs and again treated them with sulfonamide The treat 
ment was a failure and the animals died Therefore an ex 
cess oE this vitamin prevents the sulfa drugs from exerting 
their antibacterial activity 

Dr Eugenio Ricsz gave a plausible interpretation of this 
phenomenon The sulfa drags he explained Teadily supply 
electrons to certain substances which are deficient in them 
Such a substance is para aminobenzoic acid, essential to the 
respiratory transport system of bacterial cells When this vi 
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tamm substance extracts the electrons, the sulfa drug is no 
longer of use to the bacteria, and they starve for lack of oxy- 
gen; they are asphyxiated. However, when there is an excess 
of tliis vitamin in the system of the animal, the sulfa drugs 
are unable to interfere with the utilization of this essential 
substance by bacteria. The sulfa drug might neutralize a por- 
tion of the vitamin present in the system, but some still re- 
mains unchanged. 

Riesz based lib theory on the analysis of the chemical 
structures of various sulfa compounds. According to him, 
the spatial and structural configurations of the therapeuti- 
cally active sulfa drugs are such that the electron exchange 
can take place. Whether or not this theory fully explains the 
exact mechanism of sulfa drug activity is still unsettled. But 
one fact is firmly established: the sulfonamides as a rule act 
indirectly on the germs and therefore they are called bacterio- 
static substances. They interfere with the normal aggressive- 
ness of germs and inhibit their growth. 

BACTERIAL RESISTANCE TO SULFONAMIDES 

Bacteria are living cells. As with every living substance, 
they are able to adapt themselves to unfavorable environ- 
ments. If a bacterium survived the destructive action of 
sulfonamide, it might become resistant to this drug. In such 
a case, even large doses will no longer have a detrimental ef- 
fect on the germ. As years passed, and hundreds of thousands 
of people received sulfa drugs, often in relatively small doses, 
many strains of disease-producing germs became sulfonamide 
resbtant. Today doctors often encounter patients who are 
infected with germs indifferent to the action of sulfa drugs. 
According to all symptoms, the patient should be cured by 
this drug But when a blood culture is taken, and die germ’s 
susceptibility to the drug is investigated, the test reveals that 
the bacteria is resistant to the drug. Such reactions occur 
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particularly often with staphylococcal infections and m gon 
orrhea 

Much attention has been given to this distressing fact by 
medical men Hotv do the bacteria dev elop such a resistance? 
Some years ago when sulfa compounds were investigated m 
the test tube, it was found that if the germs are not too nil 
merous they are destroyed successfully and completely Tig 
uratively speaking, when the drug is fighting a small army of 
bacteria the victory is assured But when the army of bacteria 
is very large and compact the drug works with less efficiency 
as though the drug was unable to penetrate deeply into the 
masses of bactena 13 

Studying the unusual propensity of staphylococci to de- 
velop resistance to the drug Dr M Landy and lus colleagues 
arrived at a very interesting conclusion the bactena produce 
an inhibitory substance which permits them to fight against 
the destructive action of sulfonamides This substance seems 
to be closely related to if not identical with, para ammo- 
benzoic acid 11 This observation was later confirmed in re 
gard to other species of bacteria submitted to the action of 
sulfonamides 15 The realization of this peculiar ability of the 
germs to fight against the drug is of considerable practical 
importance Tor there is a danger of giving the patient too 
small a dose of the drug as was often the case in die past 
for minor ailments of the skin or for urinary tract infections. 
The patient may have been cured momentarily of his ail 
ment, but not all the germs destroyed those which survived 
became sulfonamide resistant If this person ever became 
seriously ill with an infection caused by the same germ the 
drug would be powerless to give him help 

SULFONAMIDES IN INFECTIOUS DISEASES 

Sulfa drugs have been widely used in infectious diseases 
during the past ten years There is no doubt that they have 
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saved the lives of hundreds of thousands of people who 
would otherwise hate succumbed to infection In meningitis 
in gonorrhea in some types of pneumonia, in various infec- 
tions caused by hemolytic streptococcus in local infections 
such as carbuncles sinusitis, infections of eje and ear, and 
particularly in urinary tract ailments the usefulness of sul 
fonamides has been very great. In many other infections 
such as gas bacillus complications trachoma, actinomyces 
and man> other diseases, it has been of some help The use 
fulness and limitations of the sulfonamides are today well 
recognized by the medical profession 

MENINGITIS 

History tells that there were continuous epidemics of men 
tngitis during the Napoleonic wars The meningococcus, the 
germ which frequently causes epidemics of infections of 
the brain cover, can be transmuted from person to persor The 
germs are found in the throats and noses of persons who may 
themsehes be healthy but who are, nonetheless, carriers of 
tins germ Under normal conditions of civilian life children 
under five, more often than adults, are victims of this dis 
ease But in military barracks extensive epidemics are likely 
to occur Such a devastating outbreak took place among the 
Canadian troops during World War I Soon afterward sum 
lar epidemics of meningitis developed in various camps in 
tins country The disease stood fifth as a cause of death for 
servicemen in the United Stales Army The mortality rate, 
was as high as 35 per cent 

In World War II the situation was completely changed 
By the use of sulfonamides serious efforts were made to pre- 
vent epicentres of chts dtsesse The tnoraltcy was kept very 
low, hardly reselling 5 per cent 

Tour Arm) medical men were ver) successful in prevent 
mg the disease m their camp Dr M Kuhn, Dr C Nelson 
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Dr H Feldman and Dr I Roland Kuhn conducted then 
instructive experiment in which several thousand service- 
men acted as guinea pigs at a camp m rural Mississippi 
Occupied only since August 1942 the camp housed fully 
34 000 soldiers by March 1943 The following summer an 
epidemic of meningitis broke out seventy two cases were 
registered It was of utmost importance that the spread of 
this dangerous disease be prevented It was known of course 
that the illness is contracted mostly through the respiratory 
tract and that the germ of the infection is highly suscepuble 
to the action of sulfa drugs Why not try to prevent the in 
fection by giving all the soldiers a small dose of sulfa drugs’ 
Eight thousand men the entire personnel of a certain area, 
were selected for treatment The remainder of the division 
ninety three hundred men barracked m two other areas 
served as the control for this experiment Each of the sen 
icemen in the first group received one tablet of sulfadiazine 
with every meal The treatment lasted for three continuous 
days the whole course of treatment thus providing mne 
grams of the drug The organization of the experiment was 
perfect The drug was issued by die commanding officer of 
each unit as the men entered die mess hall A noncommis- 
sioned officer made certain that the tablet was actually swal 
lowed Each man was advised to drink at least one and one- 
half litres of water every day in order to avoid injury to the 
kidneys This rouune was followed without a hitch. Both the 
treated and the untreated groups were kept under observa 
tion for several months The first encouraging fact noted was 
that none of the treated men had the germ of meningitis in 
his nasal secretion while among the untreated group some 
of die apparendy healthy soldiers were carriers of the germ 
At the end of svx months die experiment was proved a great 
success tVhile twenty three of die untreated soldiers fell vie 
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tirn to the meningococcus, none of the treated men was 
affected 

This indicates that, by giving small doses of the sulfa 
drugs the chances of contracting meningitis are greatly re- 
duced Naturally there would be no sense in, or necessity 
for, taking such measures unless there was the threat of an 
epidemic. Such preventative measures are justified only when 
a number of cases of meningitis appear in a limited locality 

"When it became apparent that meningitis caused by men 
ingococcus could be successfully treated with sulfonamides 
doctors breathed a sigh of relief Here, at last, they had a 
remedy with which to fight a hitherto baffling disease Since 
that Ume the majority of meningitis cases have been treated 
with va nous types of sulfa drags The results have been ex 
cellent Until recently, no more than forty three persons out 
of every hundred stricken with this disease could survive 
now ninety persons out of every hundred have an excellent 
chance to recover if they are given proper doses of sulfa 
drugs 

What compound is the most effective here? Dr William 
W Zeller and his associates of George Washington Uni 
versity Medical School Washington I) C have tried various 
sulfa compounds on a number of patients affected with men 
ingitis They gave their patients sulfadiazine and sulfamera 
une alone or a mixture oE both substances The mortality 
rate was 10 1 per cent m the patients treated with sulEadi 
a2i ne or sulfameiazine alone, and 6 7 per cent in the 
patients treated with a combination of the two drugs How 
ever, the doctors concluded this difference was not consid 
ered to be significant in view of the fact that the patients 
who received the combined therapy were treated at the end 
of an epidemic 16 Apparent) the germ was less virulent 
and aggressive and more susceptible to the action of the 
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drug by that time Neither sulfatluazole nor sulfapyridme 
are recommended m mentngeal infections 

Even more striking are the results of the sulfa therapy in 
infections of the brain cover caused by hemolytic strepto- 
cocci Twelve years ago before sulfonamides were known 
only two out of a hundred children stricken with this dread 
ful disease had even a meager chance to recover At present 
only a small percentage of children are likely to die not 
more than two or three out of a hundred treated with sulfa 
drugs In the field of meningeal infections svlfonamtdes have 
rendered the greatest service to human beings 

CONORRHEA 

There is always a great increase m venereal disease during 
wartime World War II was no exception An enormous nura 
ber of servicemen were infected with gonococcus the agent 
of gonorrhea But fortunately sulfonamides were available 
and revealed exceptional efficiency in the treatment of tins 
disease By the use of this drug gonorrheal infections among 
Army men were cured promptly before the men might be 
come chronically infected 

Drs Hyman Strauss and Isaak Grunstem of the Depart 
ment of Hospitals City of New York tell of their experiences 
in using sulfa drugs on five hundred women infected with 
gonorrhea In some instances die women had chronic venereal 
diseases m others recent infections All were hospitalized at 
die Kingston Hospital in Brooklyn They were repeatedly 
examined and complete records of their case histones 
were kept In order to check which dose of sulfa drugs 
was more effective the patients were divided lhto three 
groups One group received diree grams of sulfaduazole daily 
for ten days the second group was given four grams daily for 
ten days while the third group received four grams daily for 
seven days The significant fact was that the first group 
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showed less satisfactory results than the other two While in 
the first group the rate of reco\ ery was only 84 2 per cent m 
tlie other two the rate of recovery was respectively gs 3 and 
95 per cent This investigation indicates that in the treatment 
of gonorrhea higher doses given for a shorter penod of time 
may bring better results 

Not onl) are the sulfa drugs effective in fresh or chronic 
infections of gonorrhea, but they can bnng recovery, or at 
least relief, m the arthritic complications of this disease 
Gonorrheal arthritis is a most painful and stubborn affliction 
The germs spread into the joints of the fingers, arms, and 
legs, in fact to almost all the joints of the body, and quickly 
transform a healthy man or woman into a complete invalid 
Sometimes the progress of the infection is so rapid that within 
four weeks the person is unable to walk or even to move an 
arm or leg Until sulfa drugs were discovered, there was no 
effective remedy But in cases of gonorrheal arthritis, sul 
fonamides perform miracles of recovery In one case, a man 
who had been confined to bed for several weeks with progres 
sive gonorrheal arthritis was able, after sulfonamide therapy, 
to walk again and to return to his job In the past ten years 
sulfa drugs have cured many hundreds of thousands of per 
sons infected with gonococcus 

PNEUMONIA 

In 1937, sulfa drugs were little known to the medical pro- 
fession Early reports about the outstanding antimicrobial 
properties of these drugs had just appeared m the medical 
press, and very few physicians prescribed them to their pa 
tients 

At tins time an internationally known artist became grav elj 
ill with pneumonia He was very old indeed, and Ins heart 
was no longer in good condiuon The examination revealed 
that his lungs had been invaded by the common offender in 
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was gamed poliomyelitis is an inflammation chiefly of the 
anterior horns of the spinal cord Although the incubation 
period may vary, it usually runs about ten to twelve days. 
The first symptoms may be very mild consisting of slight 
fever and pain in the bead and neck Intestinal symptom! 
may or may not be present As the disease progresses the 
symptoms may take various courses In some cases the imesti 
nal symptoms dominate, while others show signs of cerebral 
irritation Poliomyelitis cases may be div ided into two general 
groups 

In the first, the persons affected never become paralyicd. 
These are called abortive cases of polio In the second, bul 
bospinal group paralysis usually does occur 

Drs S Flexner and P Lewis disclosed, as early as fony 
years ago, that the virus of polio can be transmitted to mon 
keys by injection They found the virus not only in the spinal 
fluid of infected monkeys and men alike but in the blood 
and nasal cavities as well Thus they established dm die 
polio germ can be transmitted from person to person through 
nasal secretions It was also discovered that die virus of polio 
in milk, or water can penetrate the system of man through the 
intestinal tract A person who has recovered from polio u 
immune to new infection Flexner demonstrated diat die 
blood of persons recovered from polio has some mild destnic 
tive properties against the virus of this disease However, as 
yet no potent serum has been developed 

It is interesting to note dm the blood of healthy persons 
has been found to contain antibodies of the polio virus. Some 
investigators including Flexner, are of the opinion that a 
large number of persons suffer a very mdd form of poho 
from which they recover, without ever knowing they had the 
disease They assume that there are probably hundreds of 
cases of the mildest form of polio to every actual case of grave 
infection. These hundreds of persons remain immune to the 
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infection for the rest of their lives This fact may explain 
the distressing frequency of polio among small children 
The)’ ha\e no immunity whatsoever against polio But there 
are also a goodly number of adults who may lack the pro- 
tective element m their blood In such cases, as with our 
late President, Franklin D Roosevelt grown men fall \icums 
to tins disease 

It is no wonder that the work of Dr Saunders lias attracted 
great attention, from the medical profession as well as from 
the public at large The data concerning his discover) is not 
>et complete, and so far the clinical evidence has not been 
published 

Following its discovery by Dr Saunders darvisul was de- 
veloped by Dr M E Hultquist and Dr Robert Parker at 
the Calco Division, American Cyanamid Compan) Bound 
Brook, New Jersey The new drug is a white powder which 
is almost insoluble in water For this reason a sodium salt of 
the compound, more soluble and apparently nontoxic, was 
prepared When injected into an animal it does not produce 
any harmful reactions animals can stand very heavy doses 
without ill effects Like sulfonamide, phenosulfazole does 
not directly destroy the virus of polio, but rather acts upon 
the cells of the body, and protects them from invasion and 
assault by the polio virus 

An extensive investigation has been conducted with the 
drug on mice and monkeys For these experiments the strain 
of virus originally isolated at Columbia University by Dr 
Claus Jungeblut, an expert m polio, and Dr Saunders was 
selected Mice infected with the polio varus, and soon after 
ward treated with die drug were cured Hence the drug was 
a«W>r w jrTevL riYe dswtar at as cscHf stager TiVe zmve cksc 
surviv cd were immune to infection But the most interesting 
point was that a single dose of the drug prevented infection 
m the animal Similar results were obtained with monkeys 
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They were proteaed from the ravages of pohomjehus by a 
single dose of the drug git en by mouth- They recot ered from 
the infection in ns early stages 

Information about clmical investigations is still very sparse. 
The drug was tried m Texas during the recent epidemics of 
polio Some of the tests were failures it v.as said. As Dr SauR 
dcrs stated We do not know what effect darvisul has on 
human poliomyelitis Premature claims for a polio cure 
are not only unjustified but under present circumstances 
criminal 1S 

More recent clmical investigations indicated that darvisul 
is of little if any help in the treatment of human polio- 
myelitis 


TOXICITY OF SULFONAMIDES 

When Paul Ehrlich had discussed with Dr O katereu, 
his friend and associate the magic drug for which he was 
searching he repeatedly stressed that an ideal antimicrobial 
drug should be completely harmless to the human organism. 
He was equally concerned about the effectiveness of the drug 
and its toxicity This postulate remains unchanged from the 
time of Ehrlich It should be emphasized that low toxicity 
in a drug is a necessary prerequisite for any ideal or near 
ideal antibacterial substance From a physiological new 
point to kill the infection only to cause damage to the or 
gamsm is no solution 

\\ hat constitutes low toxicity or harmlessness, in a drug 5 
The first quesuon to be posed is how does the drug affect the 
white cells the leucocytes of the organism 5 It has been estab- 
lished that tlie natural defense forces of the organism are of 
prime importance in the fight against invading bacteria 
These forces should not be weakened or impeded by the 
drug the goal of which is to fight the infection 

How do the sulfonamides act on the white cells 5 Suppose 
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normal health) Tabbtts are given injections of sulfanilamide 
the same dose (per kilogram of w eight) as would be given to 
a man m case of an infection The treatment should be con 
tinued for six or seven days, as is usual in sulfonamide ther 
apy Now, if the blood count of the rabbit is taken after he 
has received the full dose of the drug it may be noted that 
tile leucocytesof the rabbit instead of beingacmeand mobile, 
are passive and completely lacking in migratory activity 
Gradually they degenerate and perish This finding indicates 
that sulfonamide has a toxic effect upon the white cells 
These cells when deprived of their vitality and migratory 
ability are useless m the fight against germs However, sev 
end da^s after the treatment has been stopped the white cells 
of the rabbit will again be quite normal and mobile This 
indicates that the depressive or toxic effect produced b> the 
drug on white cells is of a temporary nature 

In the blood of a man suffering from some infection who 
has been given regular doses of sulfandamide for seven to 
eight days there will be a sharp drop in the blood cells 
known as granulocytes— evidence that the bone marrow is 
somewhat depressed by the drug The leucocytes when ex 
ammed in culture as m the case of the rabbits will show 
the same picture of immobility There may be some decrease 
in red blood cells and the blood phosphates will drop in the 
plasma 

If the doses of sulfanilamide given to the patient are larger, 
or the treatment is prolonged the condition of the blood may 
become menacing For it has been shown again and again that 
the sulfonamides have a destructiv e (hemolytic) action upon 
the red blood cells A pediatrist who treated forty-eight babies 
suffering hem pneatnonts wrtth stiffspyndiae reported that 
m thirty two there was a substantial decrease m the number 
of red blood cells 19 

Considerable clinical evidence has accumulated in recent 
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years on the tovc effect of sulfonamides upon the blood and 
blood forming organs It tv as found that anemia (due to tit 
hemolyuc action of the drug) is quite a common result 0* 
this therapy In some cases tv hen the dosage was large and 
was administered for a considerable length of time dangc. 
ous forms of anemia developed winch caused the death of 
the patients 

The blood disease known as agranulocytosis might occur 
tvhen the drug is given for more than fifteen consecutive days 
Thu condition 15 very grave and often results m death How 
ever some of the sulfonamides seem to be less toxic than 
others Sulfapyndme is the greatest offender in this respect 
while sulfadiazine is more harmless However while mild 
anemia is quite frequent in sulfonamide therapy serious 
damage to the blood system is relatively rare so long as the 
patient is treated at a hospital and his blood is checked fre- 
quently 

Drs. H F Dowling and M H Lepper who investigated 
the effects of various sulfonamides on the blood of 1 489 treated 
patients found that acute heraolyuc anemia occurred in i-| 
per cent with sulfapyndme 03 per cent with sulfathiazole, 
and o 2 per cent m the patients receiving sulfadiazine. 

Soon after the sulfonamides received general recognition 
and the drugs were widely applied in medical practice alarm 
mg information began to accumulate regard mg the harmful 
effect of these drugs on die kidneys Many physicians stated 
that patients developed kidney ailments as the result of this 
therapy In some cases a formation of calculi was found in 
the kidneys In others blood appeared in the urine and hem* 
tuna was present Drs \\ \\ 7 cller and his colleagues ob- 
served kidney injury in S 1 per cent of the patients treated 
with sulfadiazine and in 11 5 per cent of those who received 
sulfamerazme Other physicians gave similar or slightly vat) 
mg figures stressing the fact that sulfanilamide seemed to 
be a less offending drug in this respect than sulEamenmne 
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and sulfadiazine In most cases the kidney ailment disap- 
peared as soon as the treatment was arrested However, ex- 
periments on animals suggested that injury to the kidney from 
very large doses' 1 of sulfonamide might be permanent, the 
damaged kidney might ne\er recover completely from the 
injury inflicted by die drug 

As an example, if a healthy dog were given a large dose of 
sulfonamide, which would correspond to the dose given to a 
human with a grate mfection, with the treatment being 
conunued for ten to fifteen days, or even longer, at the end 
of the therapy the dog’s kidneys would show some destruc 
uve changes Some of the tubules of the kidneys might be 
blocked and numerous small lesions might be present in their 
wall Small calculi might be found, or an acute inflammation 
of the kidney tissue However, when the doses of the drug 
are not very large, and the length of the treatment is not pro- 
longed unduly, injury to kidney may be insignificant or even 
entirely absent 

The general consensus is that persons who suffer from kid 
ney ailments are particularly predisposed to such compli- 
cations from sulfonamide therapy Therefore, in order to 
prevent injury to the kidney, it is recommended that consider- 
able amounts of water be drunk dunng the sulfonamide 
therapy. 

Some of the patients receiving sulfonamide complain of 
dizziness and mental fogginess Much discussion has been 
carried on in the medical profession about these symptoms 
It has even been suggested that industrial employees who 
are treated with sulfonamides should not be permitted to 
work, dunng the penod of the treatment. Possibly some peo- 
ple, weakened by the infection, might so react to the therapy. 
But actually, in otherwise normal persons, the drug does 
not produce any bad effects as far as mental conditions are 
concerned 

Dr Alison H Pnce, m collaboration with John Pedulla, 
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Safety Examiner of the Pennsylvania State Police undertook 
a large-scale experiment to prove that there is no need for 
concern about the mental state or absence of coordination 
in the people receiving sulfa drugs They took one hundred 
thirty four healthy medical students and divided them into 
two groups One group served as the control This group 
of forty four students received no drugs at all The other 
group consisted of ninety students who were given sulfadiazine 
for over seventy hours to a total dose of nineteen grams 

Before and after die therapy steering and vigilance tests 
were made The steering test was to prove the presence of 
eye-hand coordination The students were obliged to steer 
the car and keep it aligned with a small dot located in the 
center of a movable road scene realistically set up before 
him The vigilance test measured alertness and ability to 
perform several acts at one time The student was obliged to 
shift gears and to apply the brake as m actual driving m 
addition to steering A special apparatus which simulated 
actual working conditions was used to measure the coor 
dmation and reaction time m the human guinea pigs 
Eye-hand coordination and reaction times were automatically 
recorded by an electric clock There is no significant differ 
ence between die controls and those subjects given sulfa 
diazine was the conclusion of Dr Pnce and Mr Fcdulla 

This test has only a limited significance But it does prove 
that a healthy man may take sulfonamide for three days in 
large doses without experiencing dizziness and mental foggi 
ness 

However in many instances there is a general toxic re 
action to sulfonamides It might manifest itself in the form 
of a fever similar to serum fever (a reaction to antibac 
terial serum) It has been observed that sulfatlnazole causes 
such a fever more often than the other compounds On die 
other hand v ommng and nausea are present more frequently 
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in sulfapyridinc therapy. Skin rash o£ various types and mani- 
festations is often observed during sulfonamide therapy. Here 
again, certain of the sulfa compounds produce stronger re- 
actions, while others offend the organism less. 

Which sulfa compound is least toxic to our organism? Ac- 
cording to Dowling and Lepper’s observations, sulfapyridine 
caused toxic reactions in 29 9 per cent of their patients; sulfa- 
thiazole produced toxic effects in 11.8 per cent, and sulfa- 
diazine in 7.7 per cent of the treated patients. Other investi- 
gators give somewhat higher figures for sulfathiazole and 
lower figures for sulfapyridine. From these observations it 
appears that sulfadiazine should be considered the least toxic 
drug so far among the sulfonamides. Yet it, too, must still 
be considered relatively toxic. 

What conclusions can be reached on the toxicity of sul- 
fonamides for man? The recent work of L. Lichtenstein and 
L. Iox, 20 of A. J. French, and of R. H. More and his asso- 
ciates 21 strongly indicates that some persons are oversensitive 
to all die sulfonamides. These drugs may produce toxic effects 
of such magnitude and severity that the health, or even the 
life, of die person may be endangered. 

It is impossible to figure out the exact percentage of peo- 
ple who are oversensitive to these drugs. However, these per- 
sons may react even to relatively small doses, if given for any 
considerable length of time. For this reason, sulfonamides 
should be administered to patients only under the constant 
surveillance of the doctor. The blood and urine of the pa- 
tient receiving sulfonamide therapy should be checked every 
day in order to observe what, if any, effect the drug produces 
on the organism. No doctor can foresee his patiends reaction 
Va wslfow aww&t. \\z wwci t/r uca. 

the patient will be hypersensitive to these compounds. Even 
if the patient has tolerated sulfonamide therapy quite satis- 
factorily in the past, his reaction to a second or third course 
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of treatment might not be the same for he may have become 
sensitized to the drug, and may manifest violent toxic rear 
uons 

Therefore it must be emphasized that sulfonamide drugs 
are of relatively high toxicity and should be administered lo 
l he patient with the utmost care By no means are they ideal 
drugs, for they do produce toxic effects 

Sulfonamides are not the magic bullets of Dr Ehrlichs 
dreams They are not even the ideal antimicrobial drugs that 
every physician would like to have at his disposal for the) 
are relam ely of considerable toxicity And yet so far as anti 
microbial activity is concerned they are truly remarkable 
The) are very acme against the most common pathogenic 
bactena which so often cause dangerous and even fatal in 
fections 

When properly administered the toxic reactions from the 
use of sulfonamides can be greatly reduced or even prevented 
They have undoubtedly saved hundreds of thousands of Itu 
man beings who would otherwise have been unable to sur 
vive their grave infections 

Through the discovery of sulfonamides chemotherapy has 
regained its status in the medical world The days of faith in 
magic drugs have returned with the sulfonamides It is 
true that these compounds were not discovered or even sug 
gested by Paul Ehrlich But in all fairness one must admit 
that sulfonamide is die child and creation of his powerful 
mind The idea of a magic bullet prepared from die azo- 
dyes found its realization in the magic drugs still being pre- 
pared from the same azo compounds The enure approach in 
sulfa drugs is the logical continuation of die side chain ideas 
which Ehrlich treasured from his student days 



4 
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There is a short rather narrow street in Pans almost hidden 
by thick foliage, and not unlike a number of other Parisian 
streets But something about it sets it apart Taxis do not spoil 
ns serene charm People walking along it seem a race apart 
In ill fitting badly pressed clothes they stroll here slowly, 
with the transported look of those who hardly belong to the 
world of reality 

Officially this street is listed as the Rue Dutot but it is 
more popularly known as Rue des Sciences because the 
laboratones of the Pasteur Institute are located there 
This street has long been associated with impassioned 
stubborn and unyielding battles of ideas Some of these strug 
gle$ have been carried on for years and even for decades The 
very air of this street seems to be charged with ideas some 
dead and some alive some frustrated and already disproved, 
otliers established triumphantly 
Along this street Louis Pasteur often strolled, leaning on 
Jus stxrk./hyyj. *d. rancsaisitian. 'zaugtti'thfsuL 

of him as though peering into the future No longer a young 
man, his fame was at last acknowledged even by his foes His 
entire life and all his interests had been devoted to one pur 
57 
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pose science Tor him science was neither an abstraction nor 
an escape from the realities of life It was a never-ceasing 
fight on those enemies of mankind, the disease-producing 
germs This was his personal war, one he waged throughout 
his lifetime with that militant perseverance which sometimes 
assures success When his hfe ended in i8g5 , die fight was no 
more his alone For he bequeathed his knowledge and his 
purpose to his colleagues and disciples and urged them to 
continue the war with equal persistence in the great itutt 
tution that bears his name 

Do not fear to defend new ideas even the most revolution 
ary Your own faith is what counts most. But have courage 
also to admit an error as soon as you have proved to yourself 
that your idea is wrong Science is the graveyard of ideas 
But some ideas that seem dead and buned may at one time 
or another rise up to hfe again more vital than ever 

In the laboratories of the Pasteur Institute the spirit of 
this great scientist is still alive His indomitable enthusiasm 
and will to-wm continue to be an inspiration to the genera 
tions following him 

One of the rooms on die third floor houses a cunous mu 
seum, an exhibit which graphically presents the story of the 
fight against the disease-causing germs On these shelves stand 
hundreds of test tubes labeled with die names of the micro- 
scopic foes already vanquished or at die point of surrender 
Typhoid, the plague, cholera, diphtheria tetanus and many 
others— these are the scourges of mankind that are arrayed 
side by side m meek subjection, as it were, in tins chamber. 

Charts explain to the layman the extraordinary power of 
these terrors Dr Danish, Pasteurs colleague calculated that, 
with proper food supply, and nothing else hindering them 
the cholera germs could multiply so rapidly that mthm two 
weeks they would completely cover the surface of die globe 
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As a matter of fact, so great is the number of descendants a 
single cholera germ can produce in one day that it would be 
difficult to express it in figures; one would have to employ a 
standard of weight. For under imaginary optimal conditions 
this number would reach a thousand tons in weight at the 
end. of the first day . 

The same museum contains a shelf of exhibits of bacteria 
of another sort. These are the friends of man, the organisms 
that help man to combat the disease-causing germs. Whereas 
Pasteur, Roux, and the other workers at the Pasteur Insti- 
tute centered their attention primarily on our enemies, the 
disease-producing bacteria, MetchnikofE and his associates be- 
came interested in the benefits mankind might derive from 
the friendly bacteria. 

With Metchnikoff this study was almost an obsession. No 
other quest among his countless researches appealed to him 
or intrigued him quite as much as the struggle which he ob- 
served among the various species of microbes. Even if he had 
to interrupt his current work, he could hold forth on this 
subject at any time with animation and excitement. 

For us youngsters in science, who had come to the Pasteur 
Institute to work in the laboratory of the famous Metchni- 
koff and sit at the feet of a man who was a close collaborator 
and friend of the great Pasteur himself, this pursuit of his 
favorite topic was often annoying. Metchnikoff probed deeply 
into the underworld of life, the world of microorganisms, 
which he visualized as existing in a state of constant turmoil, 
in a cruel struggle for existence. He realized that the human 
body furnished a particularly favorable terrain for these 
microscopic forces. But for the unseen gigantic war amidst 
these tiny invaders, the human body would not have a chance. 
Mankind would have perished long ago, as soon as tit e species 
Man began to live a tribal life. 

“Observe that fantastic power of proliferation which these 
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small bugs possess,” Metclinikoff pointed out, showing m 
plates on which, in one day, the germs had developed from a 
small insignificant colony to an enormous, indeed ominous, 
mass “just give them free rein and favorable conditions, pn> 
tect them from other germs, and they would cover the whole 
globe destroying mankind tn little time. Fortunately for us 
at every step they meet enemies that arc ever ready to devour 
and to destroy them 

Man is ever the bearer ’ the scientist continued, "of every 
kind o£ disease producing germ You are none the none be- 
cause they are in a state of ‘depression ' Yet here they are, 
alive if not active, these potentially mortal enemies of yours. 

"Now you are young and healthy,” he gestured towards 
student , 4 but I assure you that I could find in your mouth ifl 
your sputum, and in your intestines more than a couple of 
dozen of these dangerous disease producing germs ” 

He then demonstrated his statement An apparently healthy 
individual would be found to be the bearer of the tubercle 
bacillus, or the influenza germ or Bacillus paratyphosus, plus 
a number of other pathogenic (disease producing) germs* 
"Now, I ask you, why are these germs that we have found in 
this young man in this latent or passive state 5 Why are they 
content to conceal themselves so timidly in the comers of hu 
lungs, his colon, his mouth 5 Is it because of natural resist 
ance? 4 MetchmkoS speculated 'Or because of acquired un 
munity? Surely that is only a partial answer to our quesuon. 
There must be another factor which retards the dangerously 
swift development of these germs in the human organism, and 
that cause must in some way be connected with the presence 
of other harmless, even fnendly bacteria, which exercise a 
destructive and restrictive power over our enemies These 
fnendly bactena are usually native to our bodies. They are 
aborigines, we might say, who use some chemical weapon 
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against the invaders, the nature of which we are unfortunately 
ignorant 2 

Tims, while Ehrlich, Wassermann, and other leading sci 
entists explored the field of synthetic drugs in search of germ 
killers Metchnihoff was approaching the same problem from 
an entirely different angle He was fairly obsessed b> the idea 
that there existed that there should exist, a natural germ- 
la Her among the substances produced by the friendly mi 
crobes ' There must be some microorganism which possesses 
a perfect chemical weapon to kill pathogenic germs ' 

But how to find it 5 Metchnikoff and his associates made 
several attempts to solv e this problem Their efforts bore little 
fruit. At that time the development of biochemical methods 
was still in a primitive or let us say, an embryonic state Yet 
some of their efforts are as colorful as any adventure story, 
and worth remembering 

The problem of tuberculosis has always occupied a hal 
lowed niche in the research laboratories of the Pasteur Insti 
tute One might say it was one of the specialties Albert Cal 
mette, Alexander Besredha, and many others devoted their 
time and energy almost exclusively to it. 

The tubercle bacillus (otherwise called Mycobacterium tu 
berculosxs) is extremely resistant to unfavorable conditions 
more so than any other disease-producing germ In water and 
m sewage, tubercle bacilli can remain viable for weeks In 
dried sputum they frequently retain their vitality for several 
weeks, and even months In fact, virulent tubercle bacilli have 
been found in dned sputum as long as ten months later 3 
Cold has little effect upon these germs When dry, some of 
them Tcmain alive even after being neated at ioo°C (the 
tempera rare of 601/mg water; for tw entjr m urates The re 
Sistance of this bacillus to chemical disinfectants is likewise 
very strong Jn sputum it will resist the action of a 3 per cent 
solution of sulfuric acid. 4 
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Naturally these facts make this germ much more dangerous 
and difficult to treat. But why is dm germ so resistant? The 
answer is simple Tubercle bacillus has a dun waxlike coat- 
a capsule Tins wax) capsule a very ingenious and practical 
protection provided by nature guards die microorgan 15m 
from cold and heat as well as against chemical agents The 
question is how can the germ be attacked? 

Mcichmkoff had his own ideas One day he called in onto! 
his assistants a brilliant biologist Dr Serge Metal nikoff later 
to become a leading member of die Pasteur Institute 

We know Mcrchmkoff told him that die tubercle baefl 
lus has a waxy covering When and if this wax) capsule is de- 
stro)ed the germ perishes Therefore it seems to me we must 
find an agent that will dissolve this capsule an agent that will 
liquefy die wax Your problem then is to find a microorgan 
ism which has die unusual ability to digest this wax 

The problem assigned to the )oung Russian scientist was 
not a simple one No such microorganism had ever been 
found or described Tor some time Metalmkoff was at a loss 
Where could he direct his search for tins hypothetical micro- 
organism which probably existed only in die imagination of 
hts chief \\ here in nature is there a bug which can digest 
wax 5 he reasoned 

One day a thought struck him wax honey bees! The 
hone) comb is made of wax There may he the answer to my 
problem thought Metalmkoff He plunged zealously into an 
investigation of the life and procedure tn the beehive Are 
bees hosts to an) parasites which make beehives their home 5 
Such a parasite might be able to eat through wax 

The )oung scientist s inspired search was soon rewarded by 
a measure of success He discovered that the onl> insect m the 
world other dian die bee diat subsists on honey is the cater 
pillar of a small gray modi which as a rule flies only at night- 
The Latin name of this moth is Galleria mellonclla die last 
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word evidencing its love for sweets. Yet the name is somewhat 
misleading, for the butterfly, itself does not care for honey. 
However, its caterpillar is a true honey-devouring larva, for it 
eats nothing but honey. 6 It robs the hard-working bees by in- 
vading the hives and by boring holes in the honeycomb to get 
at the honey. This arrogant little creature sometimes causes 
severe damage to die honey industry. 

As soon as Metalnikoff had located the wax-eater, he sub- 
jected it to a most thorough investigation. For more than 
three years he studied the habits, the physiology and die 
chemistry of this unusual caterpillar. He examined it mi- 
nutely and soon found that both the digestive system and the 
serum of this creature possessed an exceptional ability to di- 
gest wax.® 

That was die first step. Now the scientist proceeded to the 
more difficult portion of his assignment. Would the juices of 
this honey-eating caterpillar destroy die tubercle bacillus? His 
experiment was simple but ingenious. He took a live culture 
of tubercle bacilli and introduced it into a caterpillar's ab- 
domen. Hour after hour be watched these germs under die 
microscope. What he saw was fascinating. The waxy capsule 
of this stubborn foe of mankind, so resistant to most chemical 
substances, was gradually falling apart, melting away like 
snow under a warm sun. Eventually, disrobed of their pro- 
tective capsules, die dangerous bacilli perished. The wax- 
digesting juices killed them all. 

Again and again Metalnikoff repeated his experiment. He 
was finally convinced that the serum of his caterpillar unques- 
tionably destroyed die bacillus. If such was the case, could 
one expect serum to be as effective in a test tube as in the 
body of the caterpillar? He began a new series of painstaking, 
time-consuming tests. He extracted the juices from a dozen 
caterpillars into a small tube. To this liquid he added a large 
amount of living tubercle culture in a special medium. Again, 
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more anxious than ever, he watched the icuon of the extract 
on the genns This was the real test "Would the juices viork 
again? Or would die genns remain unaffected Victory agamf 
The waxy capsules of the germs vs ere destrojed in the tube as 
they had been liquefied in the body of the caterpillar With 
this destruction came the quick end of die bacilli themselves. 

The young Russian was not die only one thnlled fay this 
discovery The entire Institute was stirred The young scien 
tist 3 duel Metchnikoff was especially pleased For was this 
not more proof for his theory if indeed more proof was 
needed 5 

Yet MetalmhofFs inv estigations were far from completed. 
The most important pan lay ahead The idea was sound but 
was it practicable 5 Could a similar method be applied to the 
treatment of human tuberculosis 5 First he had to prove that 
animals infected with tubercle bacilli could be cured 

Here he met his first setback When he began to treat a 
tuberculous guinea pig he found that to achieve success he 
needed enormous numbers of diese honey eating caterpillars. 
Not hundreds but thousands of these small creatures would 
be needed to supply him with the precious scrum ^ ct he had 
in his possession only a limited number of caterpillars. In die 
end he was able to treat a few guinea pigs To his great satis- 
faction he cured them but there his work had to end. The 
practical difficulties he could not overcome To make a test 
on human beings he would have needed tens of thousands 
of these caterpillars and special technical facilities for ex 
trading and preparing the scrum 

So far as is known this method has never been tried out on 
a human being Fianklv we do not know if it would have the 
same effect as on the laboratory animal The idea seems to be 
sound and to have possibilities yet its practical value today 
seems doubtful 

This work which made quite a stir m the scientific world 
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three decades ago, is non more or less forgotten All that is 
left of tins unsuccessful attempt, which Metchmhoff msti 
gated to kill one germ n ith tiie help of anotlier, is a mono- 
graph by Dr Serge MetalmkoS which reports the results of 
Ins investigation Published by the Pasteur Institute it reposes 
undisturbed on the shelves of medical libraries, a symbol of 
die power of human imagination and ingenuity in research 7 

Bacteria fight each other for their lives This struggle goes 
on uninterruptedly But how, with what implements do these 
infinitesimal organisms carry on their wars* They have neither 
teeth nor claws nor any of the tools with which more highly 
developed animals wield destruction Their weapon must be 
chemical, die nature of which is still very much a mystery 

This was the problem Uiat intrigued Metchmhoff If we 
could only penetrate the mystery of mterbactenal conflict to 
decipher the essence of chemical warfare His attention was 
naturally directed to the human body as the area in which 
the outcome of such struggles is of greatest consequence The 
large intestine the colon with its various and numerous bac 
terial inhabitants, became the subject for his intensive inves 
tigations 

Metchmhoff was struck by die fact that a healthy person 
with normal digestion has predominandy acidophilic flora 
This means diat a large number of the bacterial inhabitants 
of the colon belong to die group of bacteria which not only 
prefer a slightly acid environment but are also able to pro- 
duce an acid A prominent member of the group is Lacto 
bacillus acidophilus, which is indigenous to the human body 
In fact, newborn infants are free of intestinal bacteria, except 
for those of die acidophilus group When , however, a person 
is affected with some sort of intestinal infection, such as dys- 
entery or typhus or even when lie merely suffers from chrome 
constipation, this ' friendly organism as Metchmkoff called 
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it* sharply decreases m number or disappears altogether 
Ev ery thing in the w orld o£ In mg matter, and in the organi 
zation o£ the bod> mechanism, has ns purpose and ns reason. 
There must hare been some good reason, Metchnikoff pon 
dered for nature to have endowed the human colon with this 
friend!) microbe What is particularly distinctive about it? 
Lactobacilli, by attacking and breaking down various carbo- 
hydrates, can produce lactic acid in considerable quantities 
Lactic acid is not only a mild antiseptic, but is m itself a nu 
move substance It does not destroy every disease producing 
germ but only those which most often cause intestinal infec 
tion and which cannot thrive in acid surroundings such as 
the gcmis of typhus fever or of dysentery Unfortunately, lac 
tic acid is not effective when present m too small a quantit) 
or in too low a concentration A perfectly healthy human 
colon, according to Metchnikoff, has a continuous supply ol 
tins acid due to rich lactobacilhc flora This substance pro- 
tects the colon against infection A diseased colon however, 
obtains this antiseptic substance in amounts too insignificant 
to be effective 

If only men were able to keep their colonic flora predomi 
nantly acid forming Metchnikoff av erred, mini intestinal 
maladies could be prevented or cured. This was the premise 
of his famous theory which at one time received much atten 
lion from both the medical profession and the public culli 
vale and encourage the friendly microbes capable oE destroy 
mg the disease producing germs in your colon and thus you 
will keep jour good health and defer the afflictions of old age 
That was the essence of MetchmkolFs theory In the main 
it was sound and still remains so There is no doubt in the 
minds of contemporary scientists that the lactobacdluj is a 
classic example of a bacterium which is friendly to the hurtum 
organism, since it produces a mridiy antiseptic substance 
which is completely harmless and even beneficial to human 
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health But by some irony nature has endowed lactobacillus 
with a fundamental weakness It is a \ ery delicate microorgan 
ism, easily destroy ed by the unfavorable conditions which 
only too often exist in the human colon Lactobacillus could 
be described as a not \ ery strong fighter, easily knocked out by 
other bacteria 

To keep the colon normal and to replenish the supply of 
lactobaalh in the ailing human organism Metchmhoff ad\o- 
catcd the implantation of these friendly bacteria in the in 
tesune His advice was to ingest cultures of the lactobaalli by 
drinking yoghurt, a fermented milk besernge But he did not 
foresee that such implantations are rarely successful These 
bacteria, being peculiarly sensitive to adverse conditions 
might neier reach the colon their ultimate destination Most 
of them pensh during the long journey through the small in 
tesline This fact presented such a serious obstacle that Metch 
niholFs theory finally came to be regarded by the medical 
profession as practically groundless 8 

Many years later. Dr L F Rettger and his associates at 
Yale Unncrsity actually prosed that not less than a hundred 
billion aadophilus bacilli would have to be consumed daily 
to obtain a therapeutic effect! If howeier, such large quanti 
ties of the aadophilus could actually be given to the patient, 
the hostile, disease-produang germs would disappear from his 
colon, and Ins health might be restored Thus, while Metchm 
kofTs theory was fully confirmed in principle, its practical ap- 
plication, at least in the manner he suggested was impossible * 

Once, years ago I wsas present at an informal tea m Metch 
nihofFs laboratory at the Pasteur Institute Afternoon tea was 
more or less a custom among the dozen or so saen lists who 
crowded into the small laboratory and discussed die latest dc 
\ elopments in the world of medical science o\er cups of 
strong Russian tea At times the debates on some fundamental 
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problems of research would become heated Spirited argu 
rnents ensued, not always conducted m the politest manner 

On that particular day someone brought up the question of 
the paradoxical discovery made by Dr R Emmerich 10 He 
and Dr O Low had found that the bacillus of green pus it 
self a disease-producing germ was in its turn a germ killer 
According to these scientists this bacterium produces a sub- 
stance which destroys the microbe of cholera (I'tbrto chaletae) 
as well as the anthTax bacillus The latter two diseases hadal 
ways attracted die attention of the Pasteur workers The 
anthrax germ study was something of a tradition For it was 
while working on anthrax that Pasteur had started on his 
fabulous career It was he who invented the method of pre 
venting this acute and mortal infection among sheep and cat 
tie by immunization with attenuated virus He had saved 
hundreds of thousands of cattle and sheep and to tins da) hu 
ingenious method remains the only one used 

Cholera, on the other hand was of tmmediate interest to 
the workers associated with Metchmkoff for an acute epi 
demic of that disease was devastating Russia with many thou 
sands of deaths reported daily The majority of Metchmkoff’J 
assistants were of course, Russians obviously any remedy 
against this violent infectious disease was of utmost impor 
tance to them MetchmkofE himself was stirred by die discov 
ery made by Drs, Emmerich and Low For here at last wis a 
concrete observation drat one geim did prey on another by 
means of a chemical weapon (Although as early as 1877 Pa* 
teur himself had observed some bactena inhibit the growth 
of the anthrax germ ) 

Dr Emmerich s discov ery was exciting to say the least. The 
green pus bacterium, frequently present on a healthy man s 
skin as well as in water, is sometimes responsible for serious 
mtcctions In wounds foe presence ot tins green’diue-pos rtA 
crobe, called Bacillus pyocyaneus (otherwise Pseudomoiuu 
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aeruginosa), greatly delays the healing process for it infects 
and forms a pus of a greenish or bluish color During World 
War I tlm microbe ivas often the cause of chrome wound in 
factions that were the bane of Army doctors Yet in spite of its 
pathogenicity, B* pyocyaneus produces substances which 
have a detrimental effect on other disease producing bacteria 
MetchnikofE enthusiastically urged his disciples to study the 
chemical nature of die mysterious antibacterial substance pro- 
duced by the microbe By then he was already ill advanced 
in years and unable to do much himself At his suggestion 
work on B pyocyaneus was actually initiated at the Pasteur 
Institute, but MetchnikofE died long before the early results 
of die investigation were published 
When Emmerich first discovered the antibactenal proper 
ties of the green pus microbe he attributed them to a certain 
substance produced by this bacterium which he called pyocy 
anase He thought that this substance was a ferment, an en 
zyme Later investigations have refuted this assumption 
Actually, the picture of the antibacterial production of B 
pyocyaneus is much more complex than that presented by 
Emmerich This peculiar bacterium appears to be a manufac 
turmg plant for several chemicals We now know that three 
different substances are produced all of which impede the 
growth and affect the life of other germs 11 
The color of the pus produced by B pyocyaneus when it 
invades the flesh varies from light green to almost dark blue 
Bodx pigments are produced by the germ One of these, a 
fluorescent gTeen is common to many bacteria and does not 
deserve any special attention But the blue pigment, which is 
called pyocyanm is a highly interesting substance First de- 
scribed in j 92 j , it was investigated by Dr A. Gons and Dr A 
Liot at die Pasteur Institute 12 The pigment (when obtained 
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pure it takes the form of long needle-like crystals) possesses 
truly remarkable properties Not only is it antagonistic to 
other bacteria, inhibiting their growth, but m a weak solution 
it is almost harmless to aiumal tissue 13 In fact, it stimulates 
the respiration of Using cells In its presence the consumption 
of oxygen is greatly increased, and even insignificantly small 
amounts may augment oxygen consumption over twenty 
times 11 Paradoxically, pyocyamn while inhibiting the growth 
of bacteria, stimulates the multiplication of body cells Thus 
the blue pigment affects the cells of the organism and the bac 
tena in different ways Obviously— and this has already been 
proven experimentally— if pyocyamn is administered to an 
animal affected with cancer, the pigment may stimulate the 
cancerous growth An animal thus treated will succumb to the 
disease much sooner than an animal that has not been so 
treated- 

Besides the blue pigment the extraordinary organism 
manufactures two other substances with unique properties. 
The one, commonly known as pyocyanase is capable of fight 
ing what was once the dread of childhood— the germ of diph 
thena When this remarkable property became known, many 
attempts were made to treat diphtheria with pyocyanase 
Medical men applied pyocyanase solution directly to the in 
fected throats of diphtheria patients, and often noted im 
provement in their conditions 

The other, a colorless substance which has no name has the 
specific ability to destroy the germ of cholera When it was 
discovered it created a furor in Metchnikoffs laboratory 
There was no doubt as to its effectiveness It was shoim to be 
capable of annihilating the cholera germ m the test tube as 
well as in vivo, that is when tested on animals There was 
even a mild attempt to treat a cholera case with it. Yet neither 
of the two substances became popular with medical men 

A few years IateT a nev\ Teport was published by the workers 
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of the Institute Dr Leo Rosenthal had discovered that the 
bacteria from the group of Tyrothnx (sporulatmg aerobic 
bacilli), could destroy die germs of cholera and typhoid fever 15 
He tested a number of Tyrothnx , among them T scaber and 
7\ lerttus ie In the test tube :t took about five days to achieve 
complete destruction of the Vibno choleras The bacteria 
with such peculiar germ lulling properties were isolated by 
Dr Rosenthal from a cheese 

In the course of his investigations, Rosenthal isolated from 
the soil another bacterium, which he identified as Baallus 
tnesenlcrtcus This bacterium could also destroy disease-pro- 
ducing germs but not as effectively as Tyrothnx scaber 
What became of this new discovery? It was forgotten as 
soon as the results were published The work aroused the in 
terest neitherof the medical profession nor die bacteriologists 
Not yet did the notion of fighting one germ with another ap- 
peal to die scientific world at large 
Yet Uiough unrecognized and suppressed, the idea persisted 
As time went on, a bnef isolated report would come to light 
here or there, about the germ killing properties of certain bac- 
teria and molds However, such reports never reached the 
front pages of any medical journals No one paid serious at 
tennon to this field of investigation except a few stubborn 
souls who labored in obscurity, lacking, more often than not, 
die proper faciliues for such expensive research 
Not a single chemical or pharmaceutical company ever do- 
nated a penny to these investigations. Only with the dramatic 
discovery of penicillin or rather with the recognition of its 
practical potentialities as a drug did die idea in whidi 
Metclmikoff had believed so passionately receive new impetus 
and deserved recognition from the scienufic world 
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flamed Suddenly, the first symptoms of blood infection 
appeared 

To the doctors the man presented a problem as old as time 
itself What could sa\ e him’ Sulfa drugs 3 He had already been 
so treated without the slightest sign of relief Now, as a last 
resort, it was decided to treat him with an entirely new drug, 
a remedy that had never before been tested on any human 
being True enough, penicillin, as the new drug was called, 
had saved experimental animals, it had protected mice and 
rats against infection caused by the same germ, and when m 
jected m small doses, was harmless to a health) person 
But who could say that the large dose required might not 
prove harmful when given to an emaciated and desperately 
ailing man 5 It might prove dangerously toxic Taking all 
these points into consideration, it was finally decided that, 
since no other remedy had availed this unknown drug should 
be given a trial 

Dr H W Florey and Dr E Cham of Oxford University 
took charge of the experiment On hand they had but the 
limited quantity of penicillin which they had prepared them 
selves Their hearts filled both with doubt and hope they set 
out to treat their first case with the new remedy 
Every two or three hours a relatively large dose of penicil 
lin was injected directly into the patients blood stream On 
the first day there was not much change, but at least die pa 
tient grew no worse On the second day, however, a slight im 
provement was noted The temperature went down slightly, 
the facial swelling diminished After five days of treatment the 
patient seemed to be on his way to recovery or, at least, so 
everyone thought Then the doctors discovered that diey had 
exhausted their supply of the drug 

Hurriedly they started to prepare more penicillin But for 
a few days die injections had to be halted The illness renewed 
its assault* The temperature mounted, before diey had pre 
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pared enough of the drug to resume the treatments, the pa 
uent died from an acute infection of die lungs The doctor 
had lost die first round of the fight 

As far as die new drug was concerned, however, they vert 
not altogether discouraged Their first experiment had 
taught them a good deal Now they were sure that penicillin 
was not harmful to human beings It could be gnen even to 
those who were exhausted by illness without producing any 
bad effects They had also learned that penicillin must be 
continuously present in the blood and system of the patient, 
until the infection is completely destroyed This meant that 
the drug must be given to die patient without interruption 
hour after hour, for several days 

Armed with this knowledge they tried the drug on an 
other patient. Their second case was a young boy of fifteen 
who had a badly inflamed hip joint Now the battle was to 
be waged against the aggressive and dangerous blood -destroy- 
ing streptococcus The lad was at first treated with sulfa 
drugs, but without improvement The germs had already m 
vaded his bloodstream and his condition grew worse and 
worse Every hope of saving him had been given up Only 
then did the two doctors decide to treat him with penicillin. 

Again their supply of die precious drug was very snwll. 
But luckily they had collected the urine of their first patient 
From this source they recovered penicillin they could use on 
the second patient 

Day and night every two hours a penicillin solution war 
injected into die boy s blood stream The tw o doctors watched 
his temperature slowly go down the swelling reduce and 
new life return Now the boy could even open his eyes. A 
short while later he was able to swallow a few spoonfuls of 
soup Still they wondered whether their young patient would 
sun ne or succumb Could penialhn destroy all the germs’ 
iVas it capable only of arresting the infection not of curing 
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it completely? The doctors continued the treatment, now 
harassed by doubts, now hoping for a miracle And a miracle 
it was Tor they vv ere rewarded by the complete cure of their 
patient They frankly admitted that they had never expected 
such success until now there had been no remedy for this 
type of blood infection, and sulfa drugs had failed m this 
particular case 

Strangest of all was the fact that tins curative drug had 
been extracted from a mold, a dose relative of some of the 
common fungi that cause cheese to become moldy, leather 
to turn green, and wood to Tot 

The development of penicillin began accidentally In 
ipas, m die small, old fashioned laboratory of St Marys 
Hospital at the University of London, Dr Alexander Flem 
mg, the bacteriologist, found that human tears and saliva 
contain a substance capable of destroying germs What was 
tire nature and chemical structure of tins mysterious ma 
tenal? This complicated question was to remain unanswered 
for two decades 1 Dr Tlcmings laboratory had no facilities 
for chemical research of this kind, all he could establish was 
the fact that an unknown, strongly antibacterial substance 
was present in die human organism and v\as secreted in tears 
and saliva He named tins substance lysozyme and, unable to 
pursue tins research further, left it at that point, after pub 
lislnng a report 

Flemings discovery attracted the attention of many scien 
tists, including Dr Jules Bordet, die famous bacteriologist 
and Director of the Pasteur Institute in Brussels By a strange 
coincidence these two men are much alike Both are short, 
retiring, and v ery gentle Both are intensely concerned with 
scientific problems, and inclined more often than not to dis- 
regard the practical value of their discoveries Bordet, for 
merly a student of MetchmkofTs, became very much inter 
ested in this natural antibacterial substance He immediately 
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began to investigate lysozyme Soon he confirmed Fleming 1 
results and, moreover, found that the same substance ra 
present m the wlute of egg 

In the meantime, two young scientists working in Bordets 
laboratory made a startling discover) b) pure chance. Strange 
as it now seems, their findings did not impress Bordet much 
at the time Andrd Gratia and Sara Datb vs ere working on 
the pus-prod uang Staphylococcus aureus As so often hap 
pens, some of the plates filled with agar cultures had been 
contaminated by other bacteria or molds One day, on one 
of the plates they found a strange, whitish mold around 
which die germ colonies were dying It seemed as though the 
mold had a destructive effect on the pus-forming staphylo- 
coccus Their observation was duly reported to Bordet, The 
workers were advised to follow up the new lead. 

They soon identified the mold as Streptothnx, one of a 
group of so-called mold bacteria This fungus killed die pus* 
forming germs easily, indeed it seemed to thrive on their de- 
struction for the mold on a clean agar plate grew slowly 
whereas it spread rapidly over the surface covered with the 
bodies of its victims 

Their attention riveted to this new phenomenon thesa 
enusts examined the plates ev cry day, paying particular at 
tenuon to the mold which was destroying the germs Once, 
m an ampoule containing a vacanc, they found another 
mold, belonging to the family Penicilltum, which seemed to 
have much the same effect. They neither attempted to de- 
scribe it, nor perpetuated a culture They were content 
merely to record their observations m two brief reports, 
which attracted no attenuon 3 Today their names have almost 
been forgotten although they actually noted the existence 
of a mold germ killer a few years before the discovery of pent 
allm. 
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Exactly four 5 ears later Dr Fleming observed a similar 
phenomenon After lus discover) of lysozyme, his interest and 
attention had been concentrated on improving the technique 
of obtaining pure cultures of various germs To find a method 
which would permit a quick diagnosis of the infection was 
the subject which preoccupied him He experimented con 
stantly with new and old chemicals and dyes to achieve a 
differenual culture of a microbe and also studied cultures 
of the pus-forming germ In die laboratory a number of ad 
ture plates were set aside for a few days, exposed to the air 
The summer of that year was uncommonly cool and damp, 
and molds which prefer low temperatures and humidity, 
contaminated many of these plates It is necessary to mention 
here that there is nothing unusual about the presence of 
molds on agar plates, mold spores are carried everywhere by 
air currents and grow wherever they can find food However, 
on one of these plates the mold was acting peculiarly, destroy- 
ing the colonies of bacteria All around the mold the area was 
clear— the germ would not grow in its vicinity Yet at some 
distance from die mold the germs were unaffected by its de 
structive power 

"When Dr Fleming glanced over the plates he was struck 
by die strange phenomenon Happily for mankind, the plates 
were examined by the doctor himself, else they might have 
been laid aside for washing and perhaps penicillin might 
never have been discovered Dr Fleming immediately per 
petuated lus discovery by preparing a new culture of this 
mold From this original culture are descended most of the 
molds used in the United States today for the production of 
peniallin by the surface method 

"When I saw die bactena fading away, Fleming said 
later, * I had no suspicion that I hid a clue to the most pow er 
ful therapeuuc substance yet found to defeat bacterial in 
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fections m the human body But the appearance of that oil 
ture plate was such that I thought it should not be neglected." 

What does this mold look like? 

It looks somewhat like a brush Dr Fleming remarked 
when examining the mold under the microscope 

Much later Fleming admitted At that urae my knowl- 
edge of molds like that of most bacteriologists was ratha 
less than elementary But I could make out that it was a 
variety of Pentallium so the cultures made from die mold 
were named penicillin 

The molds captured by Fleming were similar to but not 
identical with the one studied by the Belgian scientists They 
were distinguished by the peculiar structure of their sporo- 
phores The fertile hyphae branched toward their ends ter 
minatmg in a radiating duster of flask shaped cells The 
whole spore head undw low power magnification looked 
somewhat like a tassel or brush and this is die reason for the 
name Pcnictlltum, derived from the Latin peructllus, a brush 

The mold grew rapidly a white fluffy mass die center 
eventually turning a dark green Old cultures darkened to a 
greenish black The mold produced a bright yellow substance 
which penetrated the agar in which it was grown If boiv 
ever, the mold was grown in broth it changed in a few days 
to a dark-green mass 

As soon as Dr Fleming had at his disposal a sufficient num- 
ber of molds be was able to verify his mmal observations of 
its destructive power with regard to staphylococci and other 
bactena He implanted die mold on plates filled widi differ 
ent pathogenic bactena and studied the effects of the un 
plantations Soon it was apparent that these effects were in 
some instances very pronounced On many plates the area 
immediately around die mold was completely free of grow 
mg germs A particularly graphic lesson was visible on the 
pfates of staphylococci or streptococci Oniy certain types 
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bacteria fell prey to this mold, while others continued to 
flourish in its presence The next question, of course, was * Is 
there a pattern of behavior which the germs follow? Which 
are sensitive to penicillin and which are resistant to it? ' Dr 
Fleming soon found that the germs belonging to the Gram 
positive group almost exclusively were the ones affected by 
the mold Staphylococcus, streptococcus, pneumococcus, among 
others, comprise this group, while the typhoid and dysentery 
groups and the influenza bacilli are not affected 

His next step was to apply penicillin s selective character- 
istic to bacteriological technique If penicillin killed some 
germs and left others aliVe, he reasoned, here was an excellent 
agent for use in culture plates He first prepared a crude 
extract of the mold, adding it to blood agar Thus he had a 
medium in which staphylococcus, streptococcus and B diph 
theme would not grow, but in which the germ of influenza 
would flourish This ingenious technique allowed immediate 
identification of a germ taken from the mouth or throat of a 
case to be diagnosed He found that the amount of penicillin 
required to prevent the growth of penicillin sensitive germs 
was insignificant. A dilution of one part to one thousand was 
effective 

Having satisfied himself that his method of cultivation was 
superior to all other techniques, Fleming decided to conduct 
an investigation on the presence of the influenza germs m 
the throats and mouths of health} persons Since the discovery 
of the causative agent of influenza Hemophylus influenzae 
b) the German scientist Richard F Pfeiffer fifty years before, 
little progress in the prevention and cure of the disease had 
been made Few people escape infection during the course 
of their lives, even when there is no epidemic such as the 
* plague of 1918-19 The only apparent explanation is that 
the germ is always present in the body, in a dormant state 
Fleming set out to test this hypothesis 



THE MIRACLE DRUGS 


It is a fact that as long as the individual remains healthy 
Ins resistance to infection is strong But Jet him be expofd 
to inclement weather or be exhausted by overwork or tttai 
nutnuon and the body cannot stop the germ from becoming 
active and aggressive from infesting not only the nasal cavity i* 
but also the lungs and die blood stream Fleming strove to 
prove that the germs do not enter the body at tins tune but 
merely wake up and live 

With the help of Dr I H Maclean he subjected otic hurt 
dred healthy persons to bacteriological examination using 
the penicillin medium In the first group were ten medial 
students ten dental students and ten nurses all horn the 
University of London These people were all in perfect health 
with no indications of sinus trouble or any other nose or 
throat infection In every instance die influenza germ was 
shown to be present when nasal or pharyngeal smears were 
placed on a penicillin treated culture plate Fleming s theory 
was borne out 

Paradoxically die influenza germ is not highly resistant 
It belongs rather to a group known to be sensitive to many 
unfavorable factors such as light water and mild disinfect 
ants Moreov cr tt cannot grow in die presence of other germs 
being checked by other bacteria Nevertheless it resists die 
onslaught of penicillin to which most aggressive germs such 
as the coca are highly susceptible The most effective germ 
killer ever found is powerless to destroy the weakest of 
germs 3 

Penicillin was discovered and described by Fleming m 
September i9«8 At that time his work received very little 
attention Saentists though amazed and intrigued by dm 
discovery had little confidence in its practical potentialities 
The idea was too revolutionary to appeal to the conservative 
minds of medical men 

Almost immediately after Fleming had published his re- 
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port (m Lancet), an American scientist took up die study of 
molds Ardently and with remarkable patience Dr Roger 
Reid a bacteriologist at the Pennsylvania State College in 
\ estimated all sorts of mold organisms Many different molds 
were tested but Dr Reid searched in \ain Under his test 
conditions none had die magic quality of Dealings mold 
None produced penicillin not even those closely related Dr 
Reid s attempt was the only one to follow' soon after Fleming s 
investigation No new reports were published no references 
to Fleming s work were made either in scientific or in medical 
journals For ten years deep silence shrouded this discovery 

What did Dr Fleming do m the meantime? He struggled 
with the practical difficulties of research which he was un 
able to overcome Without the necessary funds without the 
requisite facilities for this kind of work he was fighting a 
losing battle His first extracts of penicillin were not suffi 
ciently stable and pure nor were they very potent The small 
amount of the drug which he was able to produce now and 
then was sufficient only to cover his requirements for e\pen 
ments on animals But he kept the culture of the original 
mold going during those years although it required a good 
deal of work on his part 

On several occasions Dr Fleming tried to interest his med 
icil colleagues hut they turned a deaf ear to his unorthodox 
idea 'He recruited only one ardent supporter Dr Harold 
Raismck of the London School of Hygiene and Tropical 
Medicine a fnend of long standing believed as firmly as 
Fleming himself did in die potenuahties of penicillin Rat 
stuck, a brilliant chemist and biologist undertook the pro* 
ducuon of penicillin m small quantities He made an m 
tensive study to determine rn which medium the mold w oald 
grow besr He tried to penetrate die mystery of this peculiar 
microorganism to deduce the organic chemistry of penicillin 

"When the two scientists, working separately, had at their 
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disposal a sufficient amount of penicillin to make a few clinical 
tests they approached their colleagues Would you like to 
try our discovery on a few patients* they would timidly in 
quire of a prominent doctor But when they explained that 
die drug was obtained from a common mold which had 
come out of nowhere to settle on Dr Flemings culture plate 
the practitioner flatly refused After having discussed this 
matter with several medical men Fleming and Raistnchgave 
up tftetr attempt- Once more Tleming tried to appeal to the 
scientific world by reporting his discovery to a meeting of 
bacteriologists His report was lost in a mass of other papers 
As each year went by his hopes diminished Penicillin was 
on the verge of oblivion together with hundreds of other 
potentially useful discoveries when the Second World War 
broke out. Almost overnight the situation was reversed Anti 
bacterial remedies took the spotlight. Every product which 
might save the lives of wounded or reduce the high rate of 
death from infection received full attention and generous 
support Thus penicillin was rediscovered 

The idea of an antibacterial agent was not very popular It 
was still regarded as a stepchild of medical science but now 
more and more scientists turned to the problem 

Lysozyme was under intensive investigation and had even 
been isolated in crystalline form IE a germ-destroying sub* 
stance is contained in human tears and in die white of egg 
diere must certainly be other powerful germ killing sub- 
stances within or around us But how to find them? Austra 
lian bom Dr Howard Walter Florey professor of pathology 
at Oxford s Sir \\ ilium Dunn School of Pathology and for 
merly a Rockefeller Fellow was enthralled by this idea He 
had at one time investigated the mysterious lysozyme had 
published a paper or two on jt and sull considered it worth 
while to continue his research xn this direction He foresaw 
that this substance might turn out to be of great value. His 
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intuition was sound, as has been proven more recently in a 
fascinating manner by William L. Laurence of the Ntw York. 
Times and Professor Karl Meyer of the Columbia University 
Medical School.* 

For years Dr. Florey’s laboratory had attracted young scien- 
tists eager to work under his guidance. Scientists of many na- 
tional] ties, American, French, Russian, and British were drawn 
to him. Two young scientists, Dr. Leslie Falk, an American, 
and Dr. Ernest Chain, a Russian, were engaged in research 
on lysozyme in Dr. Florey's laboratory when the subject of 
penicillin came to the fore. The war was approaching. The 
need for powerful antibacterial substances was of urgent prac- 
tical importance. It was only natural that penicillin should 
be discussed at length in Florey’s laboratory. They decided to 
recultivate the mold discovered by Fleming, the culture of 
which was still alive. The initial work on this subject was as- 
signed to Drs. Falk and Chain. Later, the work was taken over 
by Dr. Florey himself; with the help of Dr. Norman Heatlcy 
and Dr. Chain, he brought it to a successful conclusion. 

Needless to say, these men had at their disposal the excel- 
lent laboratories of the outstanding medical institution at 
Oxford. A grant from the Rockefeller Foundation, and an- 
other from the British Medical Research Council gave them 
the necessary funds to conduct the investigation on a large 
scale. More than twenty scientists and technicians assisted 
them. Pathologists, biochemists, bacteriologists, and physi- 
cians worked together in perfect coordination. The scope of 
their accomplishments was astonishing. In little more than 
a year they laid the foundation for penicillin therapy and 
established both the potentialities of die drug and its limits- 
"uons. 

Almost all the basic facts which the Oxford scientists es- 
tablished regarding penicillin were later confirmed by Ameri- 
can investigators. 
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The problems we Here facing Here tremendous Dr 
Florey later confessed The journey from a test lube experi- 
ment in the laboratory to the actual treatment of the patient 
is aJway s long and painful Often it takes years before a new 
drug whatever its ments is accepted by the medical profes- 
sion and administered to human beings Penicillin was no 
exception Before it could be tried on patients in a hospital 
there had to be assurance that it was nontoxic. 

What vs penicillin basically? It is a chemical substance 
produced by a mold which Uses and grows m a specially pre- 
pared nutritive medium When penicillin is extracted from 
this medium it is not pure In fict when Dr Fleming first 
extracted penicillin it was very impure containing only an 
insignificant amount of the real penicillin 

The Oxford scientists had to purify the product as much 
as they could Although they succeeded in increasing the 
concentration of the extract considerably over that of Dr 
Fleming s drug it was still far from perfect For the first year 
or so they worked with an extract which contained hardly 
more than 5 per cent of penicillin in its pure chemical form 
One gram of their drug contained no more than 50 000 units. 
By comparing these figures with the penicillin (average po- 
tency 9000000 units per gram) now being used in the 
United States it is easy to picture the difficult first steps of 
the British scientists They found that penicillin by itsdi 
being a weak acid was unstable and easily destroyed by beat 
and air They then prepared die salt (salts of sodium and cal 
cium) of penicillin which was more stable and therefore 

easier to handle Next it was necessary to establish some unit 

of activity for their drug as a basis for their tests that is they 
had to determine what was to be the unit of measure for 
penicillin One unit was finally accepted as the amount of 
penicillin which would inhibit die growth of 2 500 000 strep- 
tococci m one cubic centimeter of medium The Oxford 
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unit" is at present defined in terms of crystalline penicillin 
rather titan in terms of microbiological effectiveness. 6 
-What is the exact dilution of this drug, or the number of 
units, necessary to destroy disease-producing germs? How do 
the different types react to penicillin? The list of germs is very 
long indeed, and many are rare. The British scientists had to 
select the most commonplace germs, those which attack most 
frequently. They tested about eighty different types of mi- 
crobes. 

How did they try out penicillin on these germs? How did 
they determine which succumbed to the deadly effect of pen- 
icillin and which resisted its action? By test-tube experiments. 
They took small tubes containing 4.5 cubic centimeters of 
fluid medium and added 0,5 cubic centimeters of a weak 
solution oE penicillin. Each solution was inoculated with a 
drop containing a specific germ and was left for twenty-four 
hours at 37° C. If the penicillin was effective no multiplica- 
tion of microbes would be observed. 

After repeating this test again and again with various types 
of germs, the experimenters arrived at the same conclusion 
as had Dr. Fleming. A number of germs are completely in- 
different to even a strong dose of penicillin, while other bac- 
teria perish at the merest trace of it 

The germ most sensitive to penicillin seems to be the one 
that causes gonorrhea. Even in a dilution of one part of pen- 
icillin to 2 , 000,000 parts of solution this germ does not mul- 
tiply.® 

Examining the germs that were placed in the test tube 
with penicillin, Dr. Florey and his co-workers came across a 
strange fact. They had expected the penicillin to kill the bac- 
teria plunged into the deadly solution. But even the germs 
most sensitive to penicillin were not dead after remaining in 
the solution for twenty-four hours! True enough, the bacteria 
seemed apathetic, yet they were still alive. Nevertheless, they 
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had been unable to propagate This discovery amazed the 
investigators It seemed evident that penicillin was notan 
antiseptic in the strict sense of the word like a strong acid 
which kills germs even in a highly dilute form Moreover it 
was not even a germ killing substance as are some of the 
more recently discovered drugs (like gramicidin) 

It is not bactericidal was Dr Florey s conclusion “Bac- 
teriostatic 1$ the term for a substance which immobilizes the 
germs by restricting their dangerous aggrcssiv eness by making 
them impotent and unable to multiply In his article revtca 
ing his investigation of pemallm Dr Florey pointed out, It 
is bacteriostatic and not bactericidal 4 at least in concentra- 
tion likely to be used therapeuucally and reliance must there- 
fore be placed on the body defenses both humoral and cellu 
Jar to destroy bactena present in a lesion while penicillin 
prevents their multiplication 7 
This fact having been established the next important ques- 
tion concerned the reaction of the human body to the drug 
How would the living organism react if pemallm were intro- 
duced \\ ould the drug interfere with the normal defenses of 
the body* Or would it fully cooperate with the defense forces 5 
On the answers to these questions depended the success or 
failure of pemallm as a therapeutic agent 
"When germs succeed in penetrating the first line of de- 
fense of the organism— the skin or mucous membrane— a de- 
fense army at once rushes to block the invaders The white 
blood cells the leucocytes the soldiers of our organism fight 
the intruders fiercely The outcome of tins struggle depends 
not only on the strength of the defenders but as often as not 
on the multiplication power of the germs. If the microbes ate 
virulent and dynamic and grow rapidly the second line of 
defense may be pierced and the condition known as blood 
wafers u>b rosy occur 

• Actually penicillin Ij both bauenostatic and bacter ridaL 
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Penicillin may destroy most of the germs, perhaps as 
high as 99 per cent, providing, of course, that the germ is 
sensitive to the drug. Yet a few of the germs may escape 
destruction. These few, still in the system and very much 
.alive, might be a source of potential danger to the organism 
as long as they are not destroyed completely by the white 
blood cells. How does penicillin affect the leucocytes? Does 
it immobilize them as it does the germs? The Oxford work- 
ers investigated this question promptly. They discovered that 
penicillin is practically harmless to the white blood cells. 
Even in a very strong concentration of 1:500, penicillin does 
not seem to impair the normal activity of leucocytes in the 
test tube; the white cells continue to move and live as they 
would in a nutritive medium without penicillin. Penicillin 
is; in fact, less harmful to the white cells under these circum- 
stances than are the sulfa drugs, which have considerable in- 
hibitory effect upon the activity of our defenders. 

“It is clear,” observed Dr. Florey, "that leucocytes will re- 
main completely active in any concentration of penicillin 
likely to be readied after intravenous injection.” 8 

"When an infection takes hold, there is often a large quan- 
tity of the germ around the inRamed place, as well as a con- 
siderable amount of pus. How does penicillin work in these 
circumstances? Is it hampered by the concentration of the 
germs and by die presence of the pus, as is the case with die 
sulfa drugs, die effectiveness of which is decreased under 
such conditions? Not at all. Penicillin is as effective when 
there are only a few germs 1 vandering around as when there 
is an army of many millions. Moreover, die presence of pus 
in die wound or in the inflamed area has no hampering effect 
whatsoever on diis remarkable substance. The effectiveness 
of penicillin in die presence of pus or of a great multitude 
of germs is of tremendous practical importance, particularly 
in die local treatment oE infected wounds. 
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Animal or human blood 15 not antagonistic to penicillin.' 
That fact is of primary importance. We know that whole 
blood lias in itself slight antibacterial activity But an acldi 
tion of onl> 0 3 Oxford unit of penicillin per cubic centi- 
meter of blood results in a striking increase m the anubac 
terial action The acut ity of the whole blood containing only 
007 unit of penicillin is much greater than that of whole 
blood containing 5 1 mg of a sulfa drug (sulfadiazine) per 
too cc. of blood These observations prove beyond any doubt 
that blood fluids are not hostile to die activity of penicillin, 
but rather seem to be an excellent medium for penicillin 
action From the therapeutic point of view this is of utmost 
importance Furthermore, British scientists established that 
diseased and even decomposed tissue does not impede the 
normal antibacterial activity of pencillm Let us assume 
that vve have an advanced case of cancerous growth which, 
in addition is infected with some germ, as is often the case. 
Penicillin, although unable to cure the cancerous growth, 
might give considerable relief to the sufferer by destroying 
the infection The presence of the tumorous tissue will not 
interfere with the action of the penicillin 

Dr P B Medawar of die Zoology Department, Oxford 
University, demonstrated that penicillin is not harmful to 
die cells and tissues of the body His technique consisted of 
utilizing living tissue in vitro (outside of the organism) Trag 
ments of tissue from a ten day-old chick embryo were grown 
m a nutrient medium to vvhtch penicillin ivas added in van 
ous concentrations It was only when die drug reached a 
concentration as high as 1 1,000 that the growth was affected 
and the tissue began to show some signs of degeneration 
However, in a concentration of 1 2,000 the tissues grew freely 
without apparent changes The cells multiplied as usual, and 
dicir structure was not altered A similar result occurred 
when the tissue of a mouse was placed in penicillin solution 



discover-* or penicillin 8q 

From this, -is well as from the results of many other expen 
ments conducted by the Oxford scientists it may be deduced 
that penicillin is harmless to the body tissues unless it is ap- 
plied m a concentration higher than 1 1,200, which is never 
done in medical practice 10 

Having concluded the first steps in their investigation, and 
being satisfied that penicillin is friendly toward the tissues 
and fluids of die human organism, die Oxford doctors now 
arrived at die next stage of their research How long would 
penicillin remain in the animal or human system’They found 
that penicillin, if injected into the blood stream very rapidly 
disappeared from the system, being excreted in the unne 
Their first test was with a rabbit They injected penicillin 
direcdy into the vein of the animal In less than one hour 
no trace of penicillin could be found either in the blood or 
in die organs of the rabbit Next diey used a cat The cat re- 
tained the drug longer, but after three hours only an m 
significant amount of penicillin was m die urine A man who 
received a shot of penicillin in the vein showed a similar 
result One hour or so after penicillin was injected, it began 
to disappear rapidly from the system and after two hours 
only a small amount could be found in the unne 11 

Thus, to keep penicillin m the system on a level sufficiently 
high to cure die infection it is necessary to give the drug every 
two or diree hours without interruption, for the body does 
not retain it It is like pouring water down a basin with the 
plug out, Dr Florey stated 12 

Interestingly enough, the bile retains the drug die longest 
As long as three hours after die drug is injected into die 
blood stream the bile will contain a very high concentration 
of penicillin (about five units per gram) * Is there any prac 
tical consequence of this observation’ the experimenters 
asked. If the gall bladder were infected with a germ which is 
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antagonistic to penicillin in all probability the ailment could 
be relieved with tins drug 

Now arrived the most exciting moment in the in\e$tiga 
tion All preliminary tests had proved quite satisfactory Thu 
far howetcr they had all been test tube experiments How 
effectively would penicillin work on the actual batdefield- 
m the living organism 5 Many times previously scientists had 
been disappointed because their remedies so powerful m the 
test tube had been complete failures as disease fighters when 
introduced into the living organism Would history repeat 
itself with penicillin? At last they decided to try the drug on 
animals 

Their first patients were eight white mice The animals 
were infected with staphylococcus When they became ill the 
doctors began the treatment of four of the mice injecting 
a small dose of the drug into their blood every three bouts 
The remaining four mice were left untreated as a control. 
The treated mice were quite ill and the physicians were sure 
that the animals would not survive But they continued the 
treatment and gradually the first signs of relief became ap- 
parent The animals no longer lay motionlessly breathing 
hard. They attempted to stand up and walk about. After 
twenty four hours of treatment the mice were cured of the 
deadly infection 

'We sat up through die night injecting penicillin into 
die mice every three hours Dr Horey recounts I must con 
fess that it was a most exciting moment when we found m 
the morning that all the untreated mice were dead and all 
the penicillin treated ones alive 

The doctors were exhilarated. Here at last they had the 
first indication diat the drug might work not only in die test 
tube but in the organism as well Now they were sure that 
Dr Doming s 6isco\cry had practical value Now the} were 
rendy to ex penmen c on man 
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As narrated earlier, the first case treated with penicillin 
was a failure: the policeman eventually died from an acute 
infection of the lungs. The second case was a success. A boy 
suffering from blood infection was cured. Yet their third 
case, a four-year-old boy, was lost. Why? Was the dose of pen- 
icillin given insufficient, or the drug not as powerful as they 
had surmised? The post-mortem examination revealed that 
the boy had died of heart failure. The infection itself had 
abated, the germs having vanished under the influence of 
penicillin. The infection had been cured, when die boy died 
from exhaustion and resulting complications. 

The case history of this little boy was tragic. He had con- 
tracted measles, which had cleared up, except for a slight 
sore on the eyelid. The same pus-forming germ that causes 
numerous other infections was responsible; the infection 
spread rapidly to the other eye and soon attacked the whole 
face. The child then developed an alarmingly high fever. 
Large doses of sulfa drugs were of no avail against the germs 
in his blood. He had already sunk to the state of semicon- 
sciousness when, as a last resort, penicillin was used. The 
infection was arrested, and the fever went down— but the boy 
died. Assumedly, if penicillin had been administered at the 
onset of the infection, die child might have been saved. 

The best method of treatment was found to be by intra- 
venous or intramuscular injection. But why should penicillin 
not he given by mouth? It would be infinitely simpler to take 
in tablet form. Dr. Florey and his co-workers investigated 
the various methods of administration and observed that 
penicillin, being very sensitise to acid, was partially destroyed 
by the hydrochloric acid normally present in die stomach. 
Thus, if taken orally, the drug lost part of its germ-killing 
efficacy. According to them, if die patient’s stomach acidity 
was low, or nonexistent, penicillin could be given by mouth 
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and with good results. To make their point the Oxford men 
cited a case which was successfully treated orally 

The patient was a six month-old hoy The child had de- 
veloped a diarrhea of uncertain origin and could not hold 
his food. The blood test showed a low red cell count of ons- 
and a half million while the high white cell count indicated 
the presence of an infection Analysis of die unne showed 
staphylococci in great numbers Evidently there was an jn 
fection of die urinary trace Since die child was obviously M 
a dangerous condition the doctors decided to give him a 
sulfa drug which however had to be discontinued because 
the infant showed signs of mild poisoning Penicillin was 
then given by mouth in doses of twenty milligrams each hour 
After a few days of treatment the germ began to disappear 
from the unne and within two weeks the child had returned 
to normal 

Since the acidity m an infants stomach is very low, the 
potency of the penicillin was not destroyed when passing 
through and was capable of exercising a curame effect How 
ever in the mind of Dr Florey die idea persisted that adults 
could also be given penicillin by mouth He tried numerous 
methods of protecting the precious drug from the acidity 
of die stomach On several occasions he administered pemed* 
lui in specially coated capsules insoluble in acid The results 
were far from sausfactory Then he made an attempt to in 
troduce penicillin directly into the upper part of the small 
intestine (the duodenum) through a special tube These ef 
forts only proved that it is much more difficult to control 
die dose and the action of penicillin if given by mouth than 
if given by injection into the muscles or veins 1S 

Could penicillin be applied directly to an infected area* 
This was another question which concerned Dr Florey To- 
gether with Dr Robert Williams he undertook an extensive 
investigation at Birmingham Hospital. They treated 212 
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cases of acute infection with penicillin Tlieir method was 
simple, and sated the hospital personnel thousands of work 
mg hours The wounds or infected places were powdered 
evenly with calcium salt of penicillin (the sodium salt is 1m 
tating if apptied locally), then were packed with gauze soaked 
in penicillin paste 11 The dressings were repeated every 
twenty four hours for at least five days 

Their results were most enlightening The healing of the 
wounds progressed much faster with penicillin than if treated 
by the usual methods In this respect the figures are striking 
The wounds powdered with penicillin healed on the average 
in three or four days, while the control cases required six to 
nine dajs for recovery In other words, the application of 
penicillin accelerated the healing to half the time But even 
more important was the way the healing proceeded. Usually 
there was no pus at all, and the scar of the wound treated 
with penicillin was much smaller and less apparent than in 
the control cases This observation, more than anything else, 
demonstrated the property of penicillin to cooperate fully 
with the tissues of the organism Indeed, this drug almost 
seems mysteriously sympathetic to our natural healing proc 
esses At any rate, it is not antagonistic, as most other drugs 
are 

Fift) five miles from the laboratory and clinics of the Ox 
ford doctors the war was making a hell out of once peaceful 
London For die Luftwaffe was attempting to rate the at) 

‘ Is this die time to begin the production of penicillin m 
England?’* the doctors wondered "Will it be feasible, when 
all industries are occupied with the immediate needs of the 
nation? After some hesitation. Dr Florey and his associate 
Dr Heatley decided to accept the invitation of the Rocke- 
feller Foundation to carry on their research m the United 
States 

At the Ume of their departure their clinical records were 
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still meager Only five cases of blood infection had been 
treated with penicillin— two had failed, three had proved sue 
cessful Yet they were enthusiastically received by the Ameri- 
can scientists The work they had done was indeed valuable 

Here begins a new chapter in the saga of penicillin Clinical 
investigations were begun on a large scale, and manufacture 
was undertaken on a mass-production scale Two dozen large 
pharmaceutical companies simultaneously began to produce 
tire new drug 

Nothing in the annals of medical science quite equals the 
startling and unusual story of the discovery of penicillin The 
drug was on the verge of being completely forgotten. Then 
saved from oblivion by the war and rediscovered by a scien 
tist of vision and dynamic personality it proved to be a 
weapon of such magnitude and power that it may yet fulfill 
the dreams of generations of scientists 



6 

Penicillin — Cinderella of Science 


On a hot day m July, 1941, Drs Howard W Florey and 
Norman G Heatley, the two strangers from Oxford England, 
arrived in New York, m their possession the descendant of 
the mold which had been captured by Dr Heming thirteen 
years before They were met by members of the Rockefeller 
Foundation 

The British doctors discussed their problem with the mem 
bers of the National Academy of Science and were referred 
to Dr Charles Thom, famous American mold specialist or 
mycologist, who was already familiar with their discovery He 
informed them that what they believed to be Penicillium 
notatum was not exactly that The penicillin producing mold 
was often referred to by the press as the green or blue-green 
mold found on bread, cheese, and other foods ‘ Dr Thom 
took pains to correct this This mold he said, ’ is neither 
a cheese nor a bread mold, strictly speaking It is not e\en a 
topical PemciMum notatum, but it comes closer to it than 
to any of the other molds It is a member of the Pentctlhum 
chrysafremtm notatum series, hence nt appears in literature 
as Pcntalltum notatum "A fine point It is true that penicillin 
producing mold does grow on these foodstuffs at times, but 
95 ^ 
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so do other blue-green molds which neither belong to the 
Pcntctlhum chrysogenum group nor produce penicillin 

Dr Thom who knows more about molds than anybody 
else m the United States warmly counseled the British <aen 
lists to go without dehy to the Northern Regional Research 
Laboratory m Peoria Illinois to arrange for the production 
of pemcilhn 

The Fermentation Division of the Northern Regional 
Laboratory is the most important center in the United Stain 
for research on molds For more than fifteen years small 
groups of scientists ha\e been working there on the num 
tion and culm anon of molds and bacteria searching for 
new methods by which to increase their rate of growth 

The meeting between die Oxford men and the represents 
fetes of the Northern Regional Laboratory was die beginning 
of the American story of penicillin an extraordinary achieve- 
ment of large scale production of penicillin The Northern 
Regional Laboratory deserves full honor for this project. 

Drs O E May and Robert D Coghill participated in the 
historic meeting A minor difference m the points of view of 
the scientists was a matter of pronunciation Dr riorey and 
his colleagues said pemsee hn The Americans called the 
drug peni-cd hn However this slight difference did not 
prevent a complete understanding 

They sold us the problem Dr Coghill said. He and his 
associates realized the enormity of the task of organizing the 
production of penicillin in appreciable amounts How much 
penicillin would be needed to test the drug clinically on a 
limned scale 5 The answer was one kilo of crude pentalbn 
At first that appeared to be a small amount Actually it was 
a huge quantity almost unobtainable by the technique the 
British workers had used. The commercial companies that 
had shown, some interest in the discovery of penicillin such 
as Merck Squibb and Pfizer hesitated to start production 
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because die yield of* penicillin seemed too low to enable 
diem to achieve reasonably large production, even in the 
distant future. The first and most urgent problem was to in- 
crease die yield of penicillin from die mold. But how was it 
possible to force the production in greater quantities? After 
many months of research the problem was solved. 

PRODUCTION OF PENICILLIN 

This mold, like any other, goes through a reproductive 
process in which the microorganism becomes covered with 
tiny spores. The spores are needed for further cultivation of 
the mold, but while the spores are being formed, the mold 
does not produce much penicillin. Only during the period 
of its growth is penicillin formed. Thus these two periods in 
the life of die mold require separate handling. The spore- 
producing cultures are placed on an agar slant made in a 
small flask. Usually, but not necessarily, the flask is put in 
a screw capped bottle. In due time the material from these 
small flasks is transferred to larger flasks or to botdes, and 
in this manner the spores are collected for inoculating the 
media on which the mold is to be grown. AVhen a stock of 
spores Is available, the manufacture of penicillin can pro- 
ceed. 

From study of the physiology of this mold it was learned 
that die mold should grow in shallow, flat vessels or tanks 
in order to be in constant contact with oxygen, and that it 
prefers a not-too-warm temperature. It does not grow well at 
body temperature (98° F., or higher) and is at its best at a 
warm room temperature of 75°F. (24 °C.), 

Twenty-four hours after the spores have been planted in 
the flask of sterile nutritive medium, a very delicate, Unify 
and gauzelike growth can be detected on the bottom of die 
vessel. The growth expands during the next day. On the 
third day it extends to the surface and dirovss out a dry. 
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white mycelium (a network of fine threads) particularly 
around the sides of the vessel Usually by the fifth day the 
whole surface of the medium is covered with the dry myce- 
lium which soon begins to turn bluish green By about the 
seventh day the growth consists of a continuous compact 
and often corrugated dark greenish blue felt the upper sur 
face of which is water repellent The under surface is of 
course freely wetted and is brownish yellow and slimy Even 
before the mold has reached its peak of growth a faint yellow 
color can be observed tn the medium The yellowish solution 
contains the penicillin 

To some extent the problem of mass production was solved 
at the beginning of 19.52 As the methods were improved the 
number of chemical companies engaged m the production of 
penicillin gradually increased. By 1944 twenty-one concerns 
had an investment here of nearly §20 000 000 Thus Amen 
can know how helped to speed the manufacture of this 
drug on a scale large enough to supply human needs 

However the problem of production was only partly solved 
for the peculiar characteristic of Flemings mold is that it 
does not want to submerge it grows more freely and actively 
on the surface of the medium Attempts to use large tanks for 
its growth under the surface (we call it deep fermentation) 
were only partially successful and met with many difficulties 
m the beginning The cultivation of die mold in flasks a 
method used by Dr Florey and by some of the chemical com 
pames has two senous objections it requires large space 
for mass production and a high labor cost To process only 
one thousand gallons of medium which in terms of pure 
penicillin « a small amount requires as many as 10000 to 
1 •» O oo bottles a large number indeed to be cleaned and 
washed and checked. 

Dr Coghtll decided to seek another mold which could be 
cultivated in submerged fermentation Fortunately among 
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their collection of molds his collaborators found a strain o£ 
Penicillium notatum which was able to prodace as much 
penicillin as did Fleming’s mold. 1 The most amazing thing 
about this second mold was that it lent itself to submersion 
into the medium and would grow deep under the surface. 
In fact, this strain grows much more slowly on the surface. 
It can be successfully cultivated in large vat fermenters or 
rotary drums with aerators, under conditions which supply a 
constant amount of absolutely sterile air. 3 

Thus there are now two strains of molds, both of which 
are used for the manufacture of penicillin under different 
physical conditions. The first mold, the descendant of Flem- 
ing’s mold, used for the surface culture method, is known as 
NRRL 1249,82 x. The second mold, NRRL 832, serves for 
the production of penicillin by the submerged culture method. 
By the latter method the mold grows in small pellets, rather 
than in die heavy' pellicles which are produced in the surface 
culture method. When cultivated in large vats, the yield of 
penicillin is as high as a hundred units of the drug per one 
cubic centimeter of filtrate. The time of production is also 
shortened; in two or three days die maximum yield may be 
obtained. 


THE ROLE OF NUTRIENTS IN PRODUCTION 
Various nutritive substances affect the growth of the mold. 
Tliis fact was first observed by Fleming who found that the 
mold flourished in trypsin-digested broth. In the beginning 
glucose was used as an essential ingredient of the medium, 
but later C. M. McKee and G. Rake recommended the sub- 
stitution of brosvn sugar, because it contains an organic sub- 
stance which stimulates the production of penicillin. Other 
investigators found that small amounts of zinc sulphate (J. 
W. Foster 3 ), and manganese (IV. Kocholaty 4 ), promote the 
growth of the mold. But the most important discovery in 
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this respect was made by Dr. A. J. Moyer* a microbiologist 
working with Dr. Heatley. His finding rendered more feasible 
the production of penicillin on a commercial scale. In stud)- 
ing various materials as possible food for the mold, Moyer 
noticed that as soon as he added a small amount of corn 
steeping liquor to the medium, the yield of the precious drug 
would rise sharply. Instead of an average yield of five or six 
units per cubic centimeter of medium, Moyer would recover 
abput two hundred units per cubic centimeter. Thus through' 
his discovery die yield of penicillin was increased fiftccnfold 
or more. 


PURIFICATION OF PENICILLIN 

The proper cultivation of the mold is only the first step, 
although an essential one, in production. The manufacturers 
were confrpnted with a no less difficult problem in the extrac- 
tion and purification of the drug. After five to seven dap 
of producing penicillin energetically, the mold becomes ex- 
hausted, and no longer capable of yielding any appreciable 
amount of the drug. That is the time to extract the penicil- 
lin from the medium. After the mold has been removed 
from the medium by filtration, a yellowish liquid is left be- 
hind. How much penicillin does this liquid contain? Not 
much, in spite of all Use painstaking methods. By weight this 
solution contains no more than 0.03 per cent of penicillin. 
Roughly speaking, sixteen liters of medium filtrate yield one 
gram of penicillin. Small wonder that Dr. Coghill once re- 
marked: "The recovery of penicillin is very much like look- 
ing for a very unstable needle in a hay stack.” The recovery 
is further complicated by the instability of this drug. The 
extraction must therefore be carried out at a low tempera- 
ture and as quickly as possible. 

JSr ohnr drduvaany- expeniimny, ithr iSkibru 1 jsabmiwy .ex- 
tracted penicillin by means of araetyl acetate, an organic 
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solvent, using a continuous-countercurrent extraction appa 
ratus s In large scale producuon absorptive processes are em 
ployed in cite first concentration But that is only a prelum 
nary' step in the actual extraction Penicillin must then be 
removed from the absorbent and concentrated further The 
simple and effective butanol petroleum ether method is 
often used At this point the drug still contains some propor 
tion of water Since penicillin is an unstable product in solu 
tion, a complete dehydration is imperative, yet heat cannot 
be applied The delicacy of the drug requires that us solu 
Uon be concentrated at low temperature by evaporation of 
water from the material in a frozen state Steam ejectors, 
mechanical pumps, and a freezing method dry penicillin m 
a vacuum The technique is somewhat similar in principle to 
that of drying blood plasma In fact, like blood plasma pern 
cillin can be stored without deterioration only when mois 
ture is completely, or almost completely eliminated No 
more than o 5 per cent of moisture is allowed The most dif 
ficult part m tins dehydration is the elimination of the last 
2 or 3 per cent of moisture It takes as much ume to drive off 
this last 2 per cent of moisture as to eliminate the first gG or 
97 per cent. 

Usually a twenty four to forty hour cycle is required to 
accomplish tins very expensive job Some chemical compa 
nies use dielectric heating at radio frequencies This method, 
developed by the Radio Corporation of America is very fast 
The bottles are rotated at high speed and the penicillin solu 
Uon is field by the centrifugal action to the walls of the am 
poules until die drying is completed 

Penicillin can be obtained m die form of free acid or in 
the form of various salts At die present time only two forms 
of penicillin are generally employed sodium and calcium 
salts The purification of tins drug has been so perfected that 
the sodium or calcium salts may contain as much as 5 000 
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Penicillin in the form of calcium or sodium salts is rcla 
meljr stable toward air When left exposed it retains its po- 
tency for a considerable length of time if the temperature is 
low, but if kept at a temperature of g6-g8°r for a few days 
it may lose all its potency When penicillin tablets are kept 
in a refrigerator the drug remains unchanged for three 
months or more However, if no refrigeration is available 
penicillin tablets may safely be kept for a day or two in a cool 
place where the temperature is no higher than 2o-25 0 C. 4 

Penicillin solutions may be stored in the refrigerator for 
as long as two weeks But if the drug is left for a longer tune 
cvenon ice it may lose some of its potency The drug is very 
sensitise to acids if taken b> mouth penicillin tablets should 
not be dissolved in orange or grapefruit juice It may be 
better to swallow them in milk This gives the drug some 
protection against the hydrochloric acid in the stomach 
Several attempts have been made to prepare penicillin in 
a more stable form which would successfully Tesist the detn 
mental effect of stomach secretions The Oxford workers were 
the first to try it with poor results Dr karl Meyer and Dr 
Gladys Hobby of the College of Physicians and Surgeons 
Columbia University New York City were much more sue 
cessful They prepared the methyl and ethyl esters of penicd 
lin Not only did these preparations possess a higher anufaac 
tenal activity than the salts of penicillin but they also 
exhibited considerable stability These compounds could be 
given by mouth to experimental animals and still main 
tamed the penicillin in the blood on a high level 1 C J 
Cavallito and his associates produced another compound 
which they claimed to be of even higher stability bcnryl 
ester of penicillin G It is obtained in the form of a colorless 
sueby solid which remains stable at a temperature as high as 
ioo°C. When taken by mouth this compound appears to be 
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about three tunes as effective as the regular tablets of tlie so- 
dium salt o£ pemallm 8 

CHEMICAL NATURE OF PENICILLIN 
At first it was believed that the mold PemciUtum notalum 
produces only a single form o£ penicillin But as the scien 
lists began to penetrate the chemistry of tins substance they 
found that there are actually four types of true penicillin 
produced by the mold, in addition to some pemallm like 
compounds These types have been identified and named as 
penicillins F, G, X, and R In England they are called re- 
spectively I, II, III, and IV penicillins Pemallm produced 
by the surface culture method is largely of type F, while 
type G is found mostly in the submerged culture of the 
mold Therefore, the commencal pemallm is composed 
largely of pemallm G, although one may find a great variety 
of penicillins on the market There seems to be only a slight 
difference between these types of pemalhn so far as their 
therapeutic action is concerned Penicillin X is presumed to 
be less effective than the other types when taken orally 9 On 
the other hand, pemallm X has been found more active 
against many bacteria than penicillin G Pemalhn K how 
ever, seems to be of little value in the treatment of syphilis 
Many efforts have been made to identify the chemical 
structure of pemalhn but for a long time these efforts were 
fruitless Recently the specifications were at last established 
The drug is of relatively simple structure but possesses an 
entirely novel type of molecule a dipeptide of a special type 
The chemical structures of the four types of penicillin differ 
not m the nucleus which is common to all penicillins but 
in the side chains The striking feature of the penicillin 
strunure is the four member B lactam ring Such a struc 
ture has so Car not been disclosed m any other known bio- 
logical compound and it has never been produced symheti 
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caliy As a matter of fact in spite of the simplicity of the 
chemical structure of penicillin no method has yet beta 
suggested for producing the drug synthetically 

Besides the four types of penicillin which have die same 
common nucleus and winch act in a similar if not identical 
manner against the germs a penicillin hie substance has 
been found m the culture medium of the mold. 

The discovery of this new substance quite by accident, u 
a story in itself In 1941 Dr Edward Doisy Professor of Bio 
chemistry at St Louis University and famous for his wort 
on hormones decided to concentrate on penicillin Tor hu 
work he procured a strain of the identical mold with which 
Dr rieming had been working He used almost the same 
medium as Dr Florey s. However there was a small modi 
fication in die nutritive medium winch made the difference 
When Doisy and his co- workers began to extract die drug, 
they found to their bew ilderment that the mold was produc 
mg a substance quite different from Fleming’s product for 
while the original penicillin can be extracted by ether and 
amylacetate Doisy s drug was insoluble in these sohents It 
had to be separated from the culture medium by absorption 
widi benzoic a ad to which it responded readily Further 
more Doisy discovered that his product was much more 
stable than penicillin In dry preparation his penicillin 1 a* 
a yellowish hygroscopic powder completely soluble in water 
and stable for months In fact 11 retained its activity (m 
powdered form) for at least six months Realizing dial he 
had a new product Doisy called his drug penicillin B It was 
soon established that penicillin B exercised its deadly effect 
not only on the bacteria of the Gram positive group as does 
Flemings penicillin but on some of the bacteria of the 
Gram negative group as well 10 
The chemical structure of penicillin B contains three ben* 
zene rings joined together with one atom of nitrogen in each 
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nng Unfortunately, it was soon proved that tins twin brother 
of penicillin, while very effective in the test tube, had little 
power to combat germs when introduced into the system 
Penicillin B affects bactena indirectly It interferes with 
bacterial respiration, but, instead of cutting down the supply 
of ox) gen, penicillin floods them with it Just as too little 
ox) gen is bad for both bacteria and mati too much is 
equally damaging, perhaps even more dangerous The excess 
of oxygen causes the body s energy fuels to burn too fast and 
in the end brings about a complete breakdown of the deli 
cate system oE respiration and oxidation 
As Dr Doisy demonstrated, penicillin B exercises its anti 
bacterial power by oxidizing glucose, the simple sugar pres- 
ent in the body of man as vs ell as in bactena and by producing 
hydrogen peroxide, a familiar antiseptic. This literally bums 
the bactena alive Unfortunately, there is a factor in the 
blood and tissues which counteracts the paralyzing effect of 
penicillin B on bacteria An enzyme called catalase, neutral 
izes die antibacterial action of tins drug by decomposing the 
hydrogen peroxide as fast as penicillin B produces it Man’s 
oigamsm will not tolerate the presence of hydrogen peroxide 
for any length of time This reaction in the living body is so 
definite that it leaves little, if any, hope that penicillin B 
will be widely used in medical practice 
Astonishingly enough, the paradoxical penicillin B was 
simultaneously discovered m three other laboratories m dif 
ferent parts of Uie world Each of the discoverers gave a dif 
ferent name to tins second substance, produced from die 
original Tleming mold In Australia Miss Nancy Atkinson 
called the new substance, rather melodiously, pentctdtn In 
England, Dr H Rais trick isolated a similar substance and 
called it iiofatin And Dr W. Kocholaty in the United States 
gave the most detailed description of a new substance which 
he obtained from a similar mold which he called penalm At 
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first these discoveries provoked a mild confusion, but when 
the scientists compared notes on the action of the twin 
brother of penicillin they agreed that they had all found the 
same substance It is difficult to determine who was die cadi 
est to find this additional drug produced by the famous 
mold These scientists all published their reports at about 
the same time In any case, penicillin B seems to be identical 
with pemcidm, notatm, and penatin 

PENICILLINASE 

In many instances when penicillin is taken by mouth iu 
effectiveness is greatly decreased Even m the most stable 
form, which is designed to resist the destructive acuon of the 
gastric juices, penicillin seems to be largely destroyed m the 
intestinal tract This is due to the presence of the bacteria 
inhabiting the intestinal tract 

Still another question confronted workers investigating 
penicillin Why was this drug so ineffective against the Gram 
negative group? Why had penicillin even m infinitesimally 
low dilution, the miraculous power of destroy mg staphylo- 
cocci and streptococci, but was almost powerlesj even in 
concentrated form, against Escherichia coli or Shigella d)S 
entenae 7 Drs E P Abraham and E Chain seem to liave 
found the answer According to them, some bacteria of the 
colon typhoid group produce an enzyme which can be easily 
extracted and isolated and which is destroyed by slight 
heating This enzyme— called penicillinase— is antagonistic to 
penicillin and is in fact, able to destroy it Thus if penicillin 
is added to a test tube containing the culture of Escherichia 
coli, not only will the germs remain alive, but the drug will 
gradually be decomposed by the enzyme which they p r0_ 
dute Identical processes take place within the human body 
Even very strong doses of penicillin are unable to exercise 
their destructive power upon the colon bacilli the latter 
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emerge victorious, for they have at their disposal a much 
stronger weapon than the one produced by the mold In 
deed, if an agar plate containing cultures o£ the colon bacillus 
is contaminated With die mold PetuctUtum notatum, in the 
Eght lor survival all the advantage is on the, side of the 
germs / 

The colon bacillus is not the only one able to withstand 
pcmalhn There are some strains of staphylococci which also 
resist its action Dr William Kirby, of the Stanford Umver 
sity Medical School, decided to investigate these stubborn 
germs and isolated several different strains of staphylococci 
Preparing an extract from them, he found that all contained 
a substance that neutralizes, or inactivates, the action of peni 
cilhn Those staphylococci which resist penicillin do not pro- 
duce penicillinase Their resistance, therefore, is based on a 
different principle They simply adapt themselves to the de 
stractne action of the drug 

Further investigations in this direction have shown that 
although some bacteria, like Bacillus subtilis, do produce 
penicillinase, the germ is yet susceptible to the drug to a 
moderate degree Summing up these results, jt is apparent 
that the bacteria capable of producing the antipenicillm 
substance arc much less susceptible to its action 11 

One question still remained unanswered Exactly how 
does penicillin destroy germs’ By what physiological means 
is this drug capable of inhibiting the growth of the most ag 
gresuve germs without damaging the tissue and organs of 
the body? An intriguing theory was suggested by the scien- 
tists working on the problem 

The bacteria that attach human or animal organisms and 
mme various diseases depend on a proper and uninterrupted 
supply of oxygen and other nutrients To live and propagate 
they must breathe and eat. Although their physiology and 
their use of nutritive substances differ greatly from those of 
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cells of the organism use the same nutrients If the germs are 
deprived of essential foodstuffs without which they cannot 
exist or propagate, obviously tlieir aggressiveness will be 
broken down 

According to the workers of the Iowa State College peni 
cilhn does not kill the bacteria directly but deprives them 
of the rood they need Dr H J Weishimer and his associates 
have described the process by which they maintain, pcmal 
lin is capable of producing the lethal effect on so many 
germs without causing harm to the human organism One of 
the products of our metabolism is a substance known as py 
ruuc acid For both the living cells of our bodies and the 
germs that invade them pyruvic acid is an essential nutrient 
in their complicated metabolic processes Without this sub- 
stance they can hardly exist But if both the human organising 
and the germ need p>ruuc acid, how by depriving them of 
this acid can penicillin destroy the germs without harming 
the cells of the organism’ The truth is that the germs and 
the living tissue consume tins substance in different ways *© 
that, while penicillin obstructs the use of pyruvic acid by the 
germs it does not interfere with the utilization of this sub- 
stance by the human bod) 

Deprived of this foodstuff and unable to replace it With 
any other nutrient, the germs are starved out They may con 
tinue to lead an apathetic existence, but they do not have 
the energy and vitality to propagate or to become aggressor 
Figuratively speaking the drug cuts the lines of suppl) 10 
the army of invaders and thus prevents, or makes iraposu 
ble, their offensive dnvc 

Other workers offer a different interpretauon of thw 
drug’s acuon G L. Hobb) and M H Dawson, as well as 
C P Miller and A Z Foster, expressed the opinion that 
penicillin ts particular!) effective against the bacteria when 
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tliey are in a state of propagation, by obstructing the oxygen 
intake of young germs 15 

In his original work Fleming observed that staphylococci 
gronmg near the mold on the agar plate became transpar 
ent and underwent disintegration (lysis) He therefore be- 
lieved that penicillin acted directly upon germs, that it was 
bactericidal The Oxford workers, however, inclined to the 
opinion that penicillin acted indirectly by inhibiting their 
grow tli and was therefore bacteriostatic The general con 
sensus of belief at present is that the drug acts both directly 
and indirectly on the germs Thus penicillin is a baclen 
culal os well as a bacteriostatic substance 13 For precisely 
tins reason, it must be regarded a truly magic drug 

Only eight years have passed since that memorable meet 
mg in the Peona laboratory, but die accomplishment should 
be measured in decades The production of penicillin which 
was started under the most difficult circumstances, has al 
ready reached a gigantic volume Moreover it is based on 
sound premises with every hope of future extension and im- 
provement in the cultivation of the molds Our knowledge 
of die mysterious mold itself has increased, and science is 
gradually beginning to understand die very complicated 
mechanism of its production machinery Penicillin lias al 
ready saved hundreds of thousands, if not millions, of lives. 

Moreover, the progress made with penicillin has given 
new impetus to research in the chemistry of molds and bac- 
teria, a field not too popular until a decade ago A new sci 
ence— die science of die domestication of microorganisms— 
is being bom, and already is rapidly extending its activity 
New horizons are opening m our search for antibacterial 
substances Whit is the future of penicillin, that * Cinderella 
of science as Dr CoghiU so appropriately called dus drug? 
What is die next step in its research? W3H this drug be syn 
thesized? Are we on the way to the final discovery, which 
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may open new possibilities for its production and therapeu- 
tic application? Penicillin has not yet been synthesized, but 
one cannot help agreeing with Dr Fleming, who, in a speech 
broadcast from London on December 13 1943 said 

What now remains is the synthesis of pemallin and this 
has a much wider significance than just an increase in pro- 
duction The chemists will fasten on the molecule and 
modify it as they have done with the sulfanilamide mole- 
cule in the last five jears so that derivatives of pemalha 
will appear more powerful or with wider application and 
diseases now untouched will be conquered 
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Dr Florey s sojourn in Peoria was brief He was encouraged 
by the enthusiastic reception on the part of the laboratory 
workers and was impressed by their scientific acti\ lty and ex 
t ensue knowledge m the field of fermentation in general and 
of molds in particular He departed for Washington assured 
that the problem of penicillin production was in the right 
hands Dr Heatlcy his associate remained in Peona to assist 
in the work and to introduce to Amcriam workers the in 
trinsic mechanism of Fleming s mold. 

In Washington Dr Florey met Dr A N Richards vice 
president of the Unu ersity of Pennsylvania and in charge of 
medical affairs there A man of vision and initiative Dr 
Richards lent Dr Florey hts full support In fact, to him is 
due a good share of the credit for the emergence of penicillin 
from the status of a research product to large scale applica 
tion Through his efforts the large drug concerns received 
financial backing and orders from the government, so that 
they were enabled to undertake the manufacture of penicillin 
in quantities sufficient to save the lives and protect die health 
of the men in the Armed forces 

As the Chairman of the Committee on Medical Research 
111 
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in the Office of Scientific Research and Development, Dr 
Richards was in an excellent posvuon to start dungs moviar 
an the right direction Penicillin needed to be under the aegis 
of some important organization, which could supervise pro- 
duction and provide the funds He brought penicillin pro- 
duction to the attention of the OSRD, a government bureau 
set up by die President in 1943, within the War ProduCuoa 
Board to promote inventions of use in national defense At 
no other time m the history of die United States had the 
national government taken so active an interest in a medical 
discover) 

As soon as production was under way, and a constant though 
limited supply of penicillin assured Dr Chester S Keefer, of 
the Evans Memorial Hpspital in Boston, was invited by the 
OSRD to organize the clinical investigations in several se- 
lected hospitals A group of prominent medical men m various 
parts of the country were accredited to investigate the 
therapeutic value They were supplied with limited amounts 
of penicillin and were required to report their results 
prompdy 

The selection of Dr Keefer as head of the clinical invesu 
gation on penicillin w is excellent For years he had been m 
terested in the antibiotic substances and together with Dr 
Charles H Rammelhamp, had made a number of invesuga 
tions on this subject at die Evans Memorial Hospital"" 

In the meantime, however, before penicillin was available 
from the chemical companies a few doctors with the pioneer 
spirit had initiated their own independendy conducted in* 
\estigauons of the drug Theirs was not an easy task The? 
succeeded m growing the mold obtained from Dr Fleming 
in hospital laboratories and went through the painful pro- 
cedure of extracting and purifying the crude material They 
followed, more or less, the technique described by the Oxford 
workers and produced penicillin of considerable strength* 
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but in very small amounts The first physician m tins country 
who had the courage to test the drug at that time completely 
new and untried, was Dr Martin H Dawson of the Columbia 
University Medial School The Mayo Clinic followed The 
first reports by Drs T R Heilman and W E Herrell of the 
research staff of the Clmic were enthusiastic but they had 
such a limited supply of the drug that their clinical investi 
gauons were jeopardized as had been those of the Oxford 
doctors, they had to limit their experiments to a few patients 
often finding it necessary to administer too small a dose to be 
completely effective 

"When Dr Horey armed m this country there was con 
siderable enthusiasm on the part of a few leading men but 
the majority of the profession was skeptical about the 
’ strange drug extracted from a mold Their skepticism was 
quite understandable The clinical data brought by the 
British scientists was meager and far from complete But as 
the evidence accumulated enthusiasm for penicillin snow 
balled Today there is not a physician or surgeon who will 
not prescribe this drug to his patients with full confidence 
Pemalhn is die best friend of the practitioner an aide on 
which he can depend in senous cases of infectious disease 
In recent years much has been learned about both its limita 
Uons and its potentialities Millions have been treated with 
it, and the clinical as well as the experimental data is truly 
enormous 


PENICILLIN' VERSUS BACTERIA 

Through centimes of contact with man most of the disease 
producing germs ha\ e adapted themselves to existence in the 
bodies of human beings some of these germs are called true 
pathogens These germs are able to invade the tissues of 
healthy persons through some peculiar power of their own 
There are not many species of true pathogens Each causes a 
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typical illness such as tuberculosis or syphilis Many oir 
types of germs may be called opportunists They are hair- 
less as long as they cannot penetrate into living tissue and 
break the hne of defense of the organism 

One of these bacteria is the common Staph) lococcus currn 
and another is Streptococcus vmdan j They are found on the 
skin and arc present on the tonsils or in the rusal cavity 
In fact these two typical opportunists may be found on every 
healthy person almost ei erywhere on the surface of the 
human body These germs guen the opportunity may cause 
the most dangerous cases of blood infection possibly ctroph 
rated by an infection of the inner lining of the heart These 
germs cause abscess of the cheek or a furuncle or an rnfee 
tion of a tooth. 

Fleming himself was the first to prose that Staphylococcus 
aureus is highly susceptible in the test tube to crude penial- 
Iin Tins observation was confirmed by many other workers 
(Abraham et al Rammelkamp and Maxon) but when van* 
ous strains for there are numerous strains of this germ had 
been tested it was disclosed that not all staphylococci are 
sensitive to the drug Dr W W Spink and his associates er 
ammed sixty-eight different strains of Staphylococcus aureus 
and found that 12 per cent were resistant to penicillin 1 Al- 
though these tests were made in vitro they seemed to cor 
respond to similar thongh not identical figures obtained in 
animal experimentation and in clinical evidence Thus when 
there is an infection caused by tins germ the chances are ore 
against nine that penicillin tall be powerless to arrest it 

The streptococci vary greatly m the degree of their so* 
capability to penicillin Some of them fall easy prey to th« 
drug while others show considerable resistance. Streptococcus 
hemolyliciu a blood splitting germ is very sensitive to the 
action of penicillin Unfortunately Streptococcus incident 
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the dangerous germ which so often causes the infection of 
the lining of the heart (subacute bacterial endocarditis) is 
more resistant to penicillin. In general, the group of viri- 
dans, or green-producing streptococci, succumb to die de- 
structive action of the drug only when a large dose is ad- 
ministered.® 

Experiments on animals confirmed these experiments in 
the test tube. Dr. E. Jawetz, from Ids experiments on mice, 
arrived at the conclusion that tire success of the penicillin 
treatment depends greatly on the quantity of the drug given 
and die length of time since the beginning of the infection. 
If penicillin is administered at the onset of the infection, the 
results are quite satisfactory. But if the infection has become 
advanced the outcome of the treatment may not be so 
favorable . 8 

A group of streptococci, known as anaerobic hemolytic 
streptococci, often causes infection of the lungs and has been 
proven very resistant to penicillin. If such a germ is detected 
as the cause of pneumonia it is imperative that large doses 
of penicillin be given. Otherwise the illness may be fatal. 

The pneumococci, which in the past were the cause of so 
many deaths from pneumonia, are extremely susceptible to 
penicillin. All types of pneumonia diplococcz are easily de- 
stroyed, although some variation in the effectiveness of the 
drug has been observed. Mice infected with pneumococci of 
various types were well protected against the infection by the 
administration of relatively small doses of penicillin. Even 
when the drug was given to mice by mouth the treatment 
was most effective , 4 for this type of germ does not have a 
natural resistance to die drug, as do some of the staphylococci 
and a few of the streptococci. 

Neisseria gonorrhoeas, the germ which causes gonorrhea, 
is highly responsive to penicillin; other bacteria of the same 
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family are someuliat less suscepuble Gonococci do not pos- 
sess a natural resistance to penicillin so that a proper dost 
of the drug easily liquidates them 

The small cocci known as meningococci which are respon- 
sible m most cases for die grave disease meningitis (inflam- 
mation of the brain membrane) are also v cry suscepuble to 
penicillin. Not only in the test tube but in animal expen 
ments as well diey were destroyed by this drug Apparently 
most types of Neisseria meningitidis respond promptly to 
treatment with penicillin in experimentation ® 

Lockjaw or tetanus is caused by a germ called Clostndtvrr 
tetam It is a small slender bacillus which can be found in 
the superficial lay ers of die soil Manured and culuvated earth 
usually harbors this organism which can cause a fatal m/cc 
non m man Experiments have pTovcn that it u highly 
susceptible to the action of penicillin The other species of 
the genus Clostridium also are strongly affected The drug 
is highly effective against Cl welchti, Cl luslolyttcum and 
manv others Penicillin also wields considerable p°» CT 
against diphtheria germs. Corynebactenum diphthenae and 
other diphtheroid bacilli arc equally susceptible to penicillin * 

No one foresaw that penicillin might be used against 
syphilis but its effectiveness is now beyond doubt. The story 
of die discos ery of this striking projxmy of the drug W 35 
related by Dr John F Mahoney at the conference of the 
American Public Health Association in New \ork in *5-13 
The report drew the attention of the enure medical pro - 
fession 

A few months earlier Dr Mahoney and his associates ted 
begun to investigate the effect of penicillin on gonorrhea In 
their laboratory they had a number of rabbits infected with 
Treponema pallidum the germ of syphilis Purely as * 
gamble Dr Mahoney tried the penicillin on these rabbus- 
Hc was fairly certain that tt would be fruitless for the expert 
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ments in the test tube by McKee and others had not been en 
couraging 7 Thus there was no reason to expect penicillin to 
work on animals infected with the spirochete Moreover, Dr 
R C Arnold, Dr Mahoney s associate, had himself attempted 
without success to destroy with penicillin the spirochete in 
the test tube But Dr Mahoney persisted At his instructions. 
Dr Arnold injected a rather large dose of penicillin into the 
ear \em of a rabbit Before die injection the rabbit s ulcer 
was full of syphilitic germs 

Although he was confident that there could be no change 
in the sick animal s condition, Dr Arnold a few hours later 
reexamined the rabbits syphilitic ulcer To satisfy my 
chief ' he recalls To his surprise he discovered that most of 
U»e spirochetes had disappeared “Perhaps there is some mis 
lake, * he said Hois ever, six hours later the ulcer of the rabbit 
was completely free and not a single spirochete could be 
found there 

Excited, but still doubtful, Dr Arnold reported his find 
mgs Dr Mahoney's first reaction was one of doubt The 
news was too good to be accepted without reservation Cer 
tainly no one could expect that penicillin would kill Trcpo 
ncma pallidum Quite often some drug prosed effective in 
the test tube and useless when applied in vivo on animals 
But very rarely was the reverse situation true 

The doctors repeated their experiments on rabbits again 
and again The results were always the same With clocklike 
precision all germs tn the blood of the animals were anni 
hilaied within ten to twelve hours after injection of the drug 
Tins finding bj Drs Mahoney and Arnold opened the doors 
for the clinical treatment of syphilis in man with penicillin 

Numerous otheT inv estigators have confirmed their work 
Harry Engle and his associates W C Raiziss and others have 
reported that injections of penicillin m large doses have 
proven completely curative in the treatment of syphilis in 
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rabbits 8 The consensus is that penicillin, given in proper 
doses over a penod o£ eight days is capable of completely cur 
mg experimental syphilis in rabbits • Moreov er, if injected 
shortly after infection a single large dose is sufficient to dear 
up the disease 

Penicillin is effective against other types of spirochetes, 
including T reponcma pertenue, the agent of a disease similar 
to syphilis known as yaws There are indications that the 
drug is as effective here as against syphilitic spirochetes 

Another spirochete bearing the romantic sounding name 
of Borreha novyi and responsible for the tnfecuous disease of 
relapsing fev er is very susceptible to penicillin Heilmanard 
Herrell have reported convincing results on mice inoculated 
with Borreha novyi They used two batches of mice, each 
containing twenty seven animals The control group was in 
fccted with the germ of relapsing fever, but was left un 
treated Twenty-one mice ot 75 per cent, died promptly 
The mice of the other batch also infected with the same 
germ were treated with penicillin for four days All thcnuce, 
except one survived and were completely cured of the in- 
fection Penicillin is also effective against many other 
spirochetes ( Leptospira Spirillum, etc.) 

Penicillin shows very little activity against die group of 
Gram negative microorganisms The bacteria which cause 
various intestinal infections such as Escherichia colt, Bacillus 
typhosus Salmonella paratyphi, Vtbrto cholerae show con 
siderable resistance to die drug m the test tube Although in 
high concentration penicillin is capable of producing a 
slightly inhibitory action on some of these germs it « a* 
sumed that the therapeutic value against these germs is 'ery 

small Consequently almost no experiments on animals were 

conducted with this type of germ Brucella abortus and ft 

• For present flatus ol penicillin in treat ng srphilis in human ** 
P 3 Sa 'S3 >55 
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mdttensis, two species of the genus responsible for undulant 
fever, are also highly resistant to penicillin. 9 Rickettsiae, the 
germ causing Rocky Mountain spotted fever and typhus 
fever, are moderately inhibited in vitro by penicillin, but 
the experiments on animals have given negative results. 10 

What effect lias penicillin on virus organisms? The virus 
of poliomyelitis is completely- indifferent to the drug. Even 
very large doses produce no inhibiting effects. The same is 
true with the virus of smallpox and of encephalitis. 11 How- 
ever, penicillin may have some inhibiting action against 
oilier viruses, such as the one which causes panot fever. Heil- 
man and Herrell, of the Mayo Clinic, recite the interesting 
characteristics of these germs, and report their attempts to 
cure die disease in animals with penicillin. 12 

In 1892, a mysterious disease broke out in Paris. Hundreds 
of persons died from a grave infection of die lungs. The 
epidemic was traced to a peculiar incident. Five hundred 
parrots had been imported from Buenos Aires to Paris. En 
route about three hundred parrots had died of an unknown 
infection. The episode might have passed unnoticed, except 
that one of die importers also contracted die disease and 
succumbed. His brother, affected with the same ailment, 
survived, but on his return to Paris many of his neighbors 
and friends fell victim to the germ. 

The disease was named psittacosis, or parrot fever. Sub- 
sequently, a germ was isolated and identified as a virus-like 
organism. The germ was infectious for parrots, hens, and 
budgereegahs. From time to time epidemics occurred in vari- 
ous European countries, as well as in the United States. Dur- 
ing the winter of 1929-30, one hundred sixty-nine cases of 
parrot fever were recorded liere. About so per cent of those 
infected died. 

When die scientists investigated dicy decided diat not only 
were parrots a source of infection for men, but canaries and 
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pigeons as well transmitted the disease Dr K. E Meyer 
showed that pigeons which might appear perfectly healthy 
were possible carriers of this germ According to him, as high 
as Go per cent of pigeons in some breeding lots will yield the 
virus of the infection Since there are so many hosts for this 
germ, Meyer suggested that the term psittacosis should be 
applied only to die infection caused by the virus transmitted 
by parrots The term ornithosis is used when the source of 
infection is of another species 

There have been many cases of pneumonia which have 
been diagnosed vaguely as virus pneumonia” or pneu 
moma X but which were actually melted by the virus of 
pan-ot fever, or pigeon fever For this reason, considerable 
importance is attached to the finding of an effective method 
for the treatment of these diseases 

The workers of the Mayo Clime secured a germ from an 
infected pigeon With this deadly pigeon virus they inoc 
ulated two batches of young Swiss mice, totaling eighty am 
mals Seventeen hours later half of the mice received mjec 
uons of penicillin The treatment continued for seven days 
The other forty mice served as control Result only two of 
the mice treated with penicillin died the rest were cured 
Of the untreated animals the ‘ control of the experiment, 
thirty five died, only five survived 

Thirty days after the treatment the surviving mice that 
had been cured by penicillin were killed and thoroughly 
examined There was no sign of infection But when the 
livers and spleens were tested for the presence of the germ it 
was found that not all the virus organisms had been destroyed 
by the drug In a latent form the germ was present in the 
organs of the mice 

These experiments are not conclusive but the^ indicate 
tint penicillin might be of some help in very large doses 
when the virus of ornithosis causes infection in man 
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ABSORPTION OF PENICILLIN AND METHOD Or APPLICATION 

The first steps in the investigation of any antibacterial 
substance are the experiments m vitro, in the test tube They 
supply important information as to die behavior of the germ 
in the presence of the drug These experiments are net er con 
elusive They are only indicative, suggesting the potentialities 
of the drug The experiments m vivo on animals, comprise 
the most essential phase of the investigation Here the in 
vestigators learn whether the drug is capable of preventing 
or curing specific infections and also gather valuable data re 
gardmg the size of the dosage and the best mediod of treatment 

In this respect, extensive research was done on penicillin 
From the beginning of the original investigation it became 
evident that this substance, when introduced into the system 
disappears very quickly It does not remain either in the 
blood, the intestines or in the organs for any long period of 
time It is excreted by die kidneys as if by magic When 
given by mouth it is partially destroyed m the intestines and 
only about 35 per cent actually reaches the blood From there 
it is eliminated again through the kidneys To maintain 
penicillin treatment in the blood and tissues continuously 
for a long period of time was the fundamental problem of 
the investigators For penicillin is effective against germs only 
if U is present in the blood or in the infected area con tin 
uouslj for a period of hours or days, depending upon the 
gravity of die infection 

In order to combat an infection which is general and to 
destroy die germ which has penetrated into the blood or 
vital organs, the level of penicillin maintained in die blood 
should be between 003 and 2 o units per cubic centimeter 
Tint is a very small concentration, indeed, but even such 
an amount in die blood is attained with difficulty If 50 000 
units of penicillin are injected into the vein, die level of 
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penicillin in die blood will show a radier high concentration, 
about 3.0 units per cubic centimeter. However, two hours 
after the injection die level of penicillin will fall to only 
0.06-0.09 unit per cubic centimeter, a concentration which is 
already below therapeutic effectiveness. 

A person suffering from a streptococcus infection, which 
has spread into the circulation and caused blood infection, 
should have the level of penicillin maintained continuously 
at about 0.8 unit per cubic cendmeter of blood. How can this ' 
be achieved? In cases of grave infecdon, where penicillin 1 
must be maintained at the highest possible level, a method t 
of continuous injections is recommended. Penicillin 
in solution is given by the drip method, as in some cases 
saline is administered after an operadon. The drug enten 
the vein or muscle drop by drop continuously for as many , 
hours or even days as is necessary. In order to keep penicillin 1 
in the blood on a level of 1.0 unit per cubic centimeter, the 
total dose of the drug given per day should not be less than 
1,000,000 units. 

When penicillin is administered by intramuscular injee- * 
dons, as is usual in daily practice, the drug disappears from 
the blood much more slowly. Thirty minutes after an m*. 
jection of 100,000 units, the blood would show about 1-5 ' 
units per cubic centimeter of blood. But two hours after the 
injection it will drop to only 0.G-0.8 unit. If die infection _ 
is mild, or the germ which caused it highly susceptible to 
penicillin even such a small amount is sufficient to produce , 
therapeude effect. Therefore, muscular injections of 100,000 - 
units every three hours might suffice to cure an infection, 1 
even if it is generalized. However, for a complete steriHn* ; 
don of the blood from the germs, the injections should not 
be spaced at longer intervals dian diree hours. That is the 
limit for proper treatment- Of course, if the infection is scry 
grave, and die germ is known to be a streptococcus, it might 
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be advisable to increase the dose of penicillin or administer 
it every two hours. 

"Why is penicillin not prescribed in the form of sub- 
cutaneous injections? Actually, when penicillin is introduced 
into tile skin instead of the muscle it disappears somewhat 
more slowly. A relatively high level of penicillin was ob- 
served after such injections. However, subcutaneous injec- 
tions are more painful; perhaps that is the reason doctors 
avoid them. Some physicians do recommend this type of in- 
jection for children and infants. 29 

Many methods have been proposed to prolong the action 
of penicillin by delaying its absorption. The most effective, 
however, is the one elaborated by M. J. Romansky and G. E. 
Rittman, who recommend the suspension of penicillin in 
peanut oil and beeswax. This form of penicillin injection has 
received general recognition and is widely administered by 
die medical profession. Certain oils delay absorption of me- 
dicinal substances when injected intramuscularly. The com- 
bination of an oil and beeswax seems to produce an even 
greater delay in absorption. The delay is so pronounced that 
twenty-four hours after the injection of penicillin in oil and 
xrax the drug is still present in the blood, although on a 
relatively low level. 

Quite an extensive investigation was conducted in order 
to determine the exact delay in absorption by this method. 
The figures of the investigators vary considerably, but this 
method apparently makes possible the reduction of injec- 
tions by about half. In cases of mild infection, the injections 
of 100,000 units every eight hours should be sufficient to pro- 
duce a therapeutic effect. When die infection is grave and 
the germ is very resistant to the drug, the intervals between 
the injections may have to be reduced to five or six hours. 
Many physicians are satisfied with the administration of oil- 
wax preparations of 300,000 units of penicillin twice per day. 
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Much attention has been paid to the administration of 
pemalhn by mouth It is a much simpler and more con 
senient method In many instances die injections of pern 
ciJlin require the presence of a nurse almost continuously 
There is no doubt that penicillin taken by mouth gradually 
gams its way into the blood But m order to reach a high 
let el much larger doses of the drug must be taken orally 
It is estimated diat about two thirds of the pemalhn is 
wasted either through the destruction by gastric juices or by 
the intestinal bacilli Thus when one takes penicillin by 
mouth the dose should be about five times larger than one 
injected intramuscularly Instead of 300 000 units per day 
injected into the system more than one million units must 
be taken by mouth to obtain the same therapeutic effect In 
mild forms of infection smaller doses may produce a curauve 
effect In many instances it is advisable to administer penial 
lin simultaneously by mouth and by intramuscular injection 
The dose depends entirely on the type and gravity of the 
infection 


TOXICITY OF PENICILLIN 

Fleming was the first to observe that penicillin had a low 
toxicity for animals Since then it has been firmly established 
that pemalhn in the medium of calcium sodium or 
potassium salts is remarkably low m toxicity for many am 
mals When the drug is injected into the veins or muscles 
of the animal in a dose sufficient to arrest infection no harm 
ful effect is observed Hosvever much larger doses might bill 
the animal The amount must be about sixty four times that 
of the therapeutic dose in order to kill mice by subcutaneous 
injection Pcmallm given to animals by mouth is completely 
harmless Among various preparations of the drug the least 
XoxicToi anum’is anh men is fne $06 mm sa’vt of peinuWfn* 
Generally speaking when pemalhn is given to man by 
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mouth it produces no harmful effect at all. There is no 
nausea, vomiting, or diarrhea, vrith very rare exceptions. In- 
travenous injections, however, often cause some general re- 
actions. Flushing of the face, headache, slight fever, and pain 
in die muscles may occur. One opinion expressed was that 
these reactions were caused fay some impurity in the drug. 
Such an assumption may be sound. For as the method of 
purification of the drug has advanced and the preparations 
of penicillin on the market have improved in quality, the 
gravity of these reactions has lessened somewhat 
Tlie toxicity of a drug must be considered in terms of die 
damage it may cause to the red and white blood cells, the bone 
marrow, and die vital organs of the body. Precisely in this 
respect die low toxicity of penicillin is valuable. As Dr. W. 
J. Morginson remarks, in his review on die toxic reactions in 
penicillin therapy, "Apparently there is no disturbance of 
the peripheral blood or hemopoietic system, and penicillin 
can be used in the presence of pronounced anemia, leu- 
kopenia, and agranulocytosis." Doses as large as 400,000 units 
in experimental animals produced no injury to kidneys, 
liver, bone marrow, or brain. Hence a dose of several million 
units administered to an adult man would not harm his vital 
organs. 

However, clinical evidence indicates that penicillin pos- 
sesses definite allergenic properties and diat it may cause 
allergic reactions. Sensitivity to the drug may manifest itself 
in an immediate response, or as a delayed reaction. The first 
type of reaction occurs, as a rule, in persons with a known 
history of penicillin sensitivity, who have acquired it from 
penicillin therapy. There may, however, be persons who are 
naturally sensitive to penicillin, although apparently their 
number is very small. M. N. Kolodny and E. Danhoff suggest 
that some persons may have a natural allergy to penicillin. 3 * 

Delayed reactions of sensitivity may appear as the result 
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of repealed injections of penicillin into the skin or may be 
due to the local application of the drag m ointments and 
pastes Allergic symptoms following penicillin therapy ate 
usually mild and of a temporary nature although in persons 
who show a strong allergy to penicillin the irritation may fr* 
of considerable seventy The most common reacuon from 
penicillin is urticaria and dermatitis It is estimated that it 
occurs tn about 1 to 2 per cent of treated persons. Some per 
sons experience such set ere skin irritation that the treatment 
must be stopped 

What can be done in sudi cases? The penicillin-sensitive 
person may be desensitized according to some invest! 
gators 

Dr S M Peck and lus associates at the Mount Sinai Hos- 
pital in New York reported an interesting case of a pauent, 
allergic to penicillin whom they successfully desensi 
tized 13 

A white man of sixty three with acute respiratory distress 
was admitted to the hospital He was given injections of 
penicillin for four consecutive days Altogether he had re- 
cessed 800 000 units of the drag when he developed an aCttte 
dermatitis The skin eruption appeared first on his hands, 
feet and groin then spread rapidly to involve his entire 
body His skin showed a scarlaun like type of eruption Hu 
face was swollen and he felt quite miserable The petuolhB 
treatment was arrested Gradually the eruptions disappeared 
although the skin on the hands remained in a state of irnu 
tion for almost a month Because the patient s condition re- 
quired penicillin the doctors began to give him scry small 
doses three times a week. With every injection the dose was 
slightly augmented After three weeks the patient was "de- 
sensitized and was able to tolerate relatively large doses of 
pemciffin 

When syphilitic pitients are treated with penicillin they 
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often manifest therapeutic shock (Herxlieimer reaction) It 
usually occurs on the first or second day of treatment The 
lesions appear to be accentuated and die symptoms of the 
disease aggravated Drs Mahoney and Arnold hate observed 
such a reaction in 8G per cent of the syphilis cases treated 
with penicillin Similar figures are given by other investiga 
tors This reaction is interpreted as the favorable response of 
die organism to penicillin These symptoms however can be 
prevented by the administration of smaller doses during the 
first few days 

When penicillin is applied to the central nervous system 
it produces a definitely irritating effect According to C A 
Neymann G Heilbrunn and G P Youmans penicillin is 
toxic when it comes into direct contact with the surface of 
the brain It may produce headache muscular twitching and 
even convulsions These symptoms are considerably reduced 
after the dosage of the drug is diminished A large dose of 
penicillin does produce an irritating rather than strictly 
speaking a toxic effect on the nervous system When 5 000 
units arc injected into the brain cavity no reaction occurs 
But when die dose is so 000 units there may be a slightly 
irritating effect Many patients however have received from 
20000 to ioo 000 units injected intraihctically without re 
actions Nevertheless doses higher than 30000 units should 
be used with great caution in direct application to the brain 
surface 

COMBINED ANTIMICROBIAL ACTION OF SULFA DRUGS 
AND PENICILLIN 

There are bacteria which show considerable resistance 
both to sulfa compounds and to penicillin The question 
arose whether these two drugs given at the same time would 
not be more effective in certain resistant types of infections. 
Do these drugs act synergistically, that is do they combine 
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forces 5 In this regard Dr C M Carpenter has made an inter 
estmg observation While gonococci may become readily 
resistant to sulfadiazine m the test tube they are unable to 
form such a resistance when penicillin is added to the me- 
dium containing sulfadiazine Some other imesugaton (Un- 
gar Cham and Duthne) believe that these two drugs might 
exercise their action on the bacteria in a syneigisuc manner 
But on the other hand Hobby and Dawson were not able to 
observe in vitro such synergistic action of sulfadiazolc and 
penicillin against staphylococci and streptococci 18 This ques- 
tion still remains open for further discussion and mvesu 
gation But clinical evidence seems to accumulate which 
favors such combined treatments for many cases of stubborn 
and dangerous infection Tins evidence indicates that in a 
number of infectious diseases the effectiveness of penicillin 
is enhanced by sulfadiazine Moreover the sulfa drugs 3rc 
not the only ones which may increase the antibacterial 
activity of penicillin some substances like amino acids, may 
enhance its effectiveness equally well lT 

Several fundamental facts are now firmly established about 
penicillin as an antimicrobial agent 
It is effective against most but not all Gram positive or 
ganisms 

It shows little if any activity against most Gram negative 
bacteria 

With very few exceptions it is ineffective against viruses- 
Among the species of bacteria which are as a rule highly 
■susccpuble to penicillin arc some strains which manifest 3 
natural resistance toward the drug A typical bacterium m 
this respect vs Staph\loeoccus aureus 

Moreover for some unknown reason penicillin is not 
capable of destroying all the germs exposed to its action A 
verv small percentage of the bacteria evade the destructive 
action of penicillin and remain alive These survivors may 
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gradually acquire a resistance against the drug For this tea 
son it is recommended that penicillin treatment should be 
started with as large a dose as possible, in order to forestall 
tire growth of a new generation of resistant germs 
Various bacteria possess different degrees of susceptibility 
toward penicillin and the dosage of cite drug for treatment 
is figured according to the tjpe of germ causing the infection 
Penicillin is a drug of very low toxiaty for man and am 
raals 

It does not harm the blood forming system and does not 
dissolve the blood cells Therefore it can be administered 
safely to anyone who may be suffering from anemia 
There is, however, a small percentage of people who seem 
to be naturally allergic to the drug and who manifest symp- 
toms typical of allergic reactions It is estimated that one out 
of one hundred persons is allergic to penicillin These al 
Iergic reactions arc neither grave nor dangerous but might 
become quite acme In such a case the treatment should be 
interrupted promptly 

There is some evidence suggesting that die addition of sul 
fadiazine ma) enhance the effectiveness of penicillin against 
some germs. This evidence is much more of a clinical nature 
than of experimental origin 
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Penicillin vs. Infectious Diseases 


The first report on the treatment of human beings with 
penicillin was published by Dr Dawson and his associates in 
1941 1 Since the commercial drug was not at that nine avail 
able the Columbia University workers prepared their own 
pemcillui The results were encouraging but not conclusive 

* n *913' after small amounts of penicillin were distributed 
among a few hospitals and a number of various infectious 
diseases were treated under strict control, a report covering 
500 cases liras published by Dr Keefer and Jus associates 1 
This report outlined the potentialities and the limitations of 
the drug 

Many cases treated with penicillin were failures Dr 
Keefer frankly admitted that many of these patients were 
inadequately treated with respect to the total amount of 
penicillin they received and to the total duration of treat 
menL A number of the patients were treated early in the 
course of studies when very small amounts of material were 
available and when little was known about the dosage.'* 
Nevertheless, the report was enthusiastic The investigators 
ivcrc impressed by the absence of toxic reactions. * One of the 
remarkable features of penialhn, wrote Dr Keefer, ‘is its 
130 
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low toxicity * From that time die clinical investigations pro- 
ceeded on an ever enlarging scale Today, the whole picture 
o £ what penicillin can do and what it cannot do has been 
more or less resolved. 

When germs succeed in penetrating the first line of de- 
fense of the body— either tile skin or the mucous membrane— 
infection results This infection may remain local if die 
defense forces of die organism, the second line of defense, 
are strong enough to localize the invaders. A boil is a local 
infection, so is an infected tooth But if the germs are vir 
ulent and the resistance of the organism is weak, they may 
penetrate into die blood stream "When bacteria are present 
in die blood stream scpticemta, or blood infection, takes 
place Septicemia means an infection of die blood which 
causes high fev er and other dangerous symptoms Gradually, 
if die germ invades odier vital parts of die organism, the 
death of the patient may occur 

BLOOD INFECTION (5EFT1CEM1A) 

Blood infection is a baffling condition with which doctors 
have hitherto been powerless to cope Based on the first 
clinical cases treated with penicillin the discovery of this 
drug has given new hope to the medical profession In the 
past only tw eh c to fifteen out of one hundred patients had 
a chance to recover from blood infecaons When sulfa drugs 
were introduced die ratio went up to 35 38 per cent.® With 
penicillin the chances are much brighter It is estimated that 
out of five persons affected four, or 80 per cent, have an ex 
cellent chance to recover their health completely Although 
blood infection may be caused by many germs m medical 
practice we deal mostly with infections caused by staphylo- 
cocci streptococci and less frequendv, by meningococci In 
septicemia caused by streptococcci penicillin is slightly less 
effectn e than in the case of staphylococcus and, consequently. 
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miidi larger doses must be gtven* Whatever germ invades 
the blood, it is essential to begin the treatment with v«y 
ar ° e doses penicillin intravenously and intramuscularly 
Tlic most effecuv e method seems to be continuous injections. 

Man) dramatic stones have been told of the successful 
treatment of blood infection 

There was the case of a sixteen > ear-old college student, 
the only daughter of a prominent New York physician Her 
illness developed with distressing swiftness. Five days before 
she entered the hospital she had been in perfect healtlL She 
began to complain of soreness on the left side of her nose. 
Redness and swelling developed and gradually extended over 
the enure face Both of her eyelids became so swollen that 
she could no longer sec A rapid pulse and a fever of ioj* 
indicated the danger of her condition A blood examination 
confirmed the diagnosis that her father had already made 
septicemia, blood infection, caused by die blood-destroying 
streptococcus Days of treatment brought no sign of improve 
ment, but a decline in her condiuon The girl was dying 
Penicillin, the only remaining hope, was practically un 
obtainable at diat umc When her father finally obtained 
a release on one million units, the girl was already in a serai 
comatose state The first day brought no apparent change. 
All hope of saving her had been abandoned Suddenly, her 
temperature began to drop and she regained consciousness. 
A few days later her blood was free of the germs She could 
see again, and could even take a few spoonfuls of nourish- 
ment Small wonder that her fadier has since been one of 
the most ardent adherents of this new drug 
Another case concerned a fifteen year-old high school boy 
Ic hurt his leg while working in the garden and neglected 
the infection that deteloped At Em only the flesh mi u> 
voiced, but gradual!} the infiammauon reached the bone A 
condmon known as csUomyrhlu (infection of the bone 
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tissue) resulted- The germ finally found its way into the 
blood stream, and an exhausting fever set in. When the 
blood was examined bacteriological!)', the pus-forming 
Staphylococcus aureus was identified Gradually the lad's 
condition became grate, almost hopeless Sulfa drugs brought 
no relief 

The boy was completely emaciated and on the verge of 
death, is hen at last it was decided to give him penicillin, 
which, at that time, was still difficult to obtain His recovery 
was very slow. Only after seven days on each of which more 
than 200,000 units were injected, were there any signs of im 
provement. Never thel css, after fifteen days of continuous 
treatment he was out of danger and m a satisfactory con 
dition, although it took many weeks before he was restored 
to normal health That was one of the closest calls on record 
for penicillin, for hours, or even minutes, might have meant 
the difference between life and death 

A similar, but not quite identical, case of blood infection 
was described and reported by Dr Charles O Encksen The 
initiator of infection was also staphylococcus, but of a slightly 
different \ancty, Staphylococcus albus This germ is e\ en 
more of an opportunist It can be found eterywhere, eten 
on an apparently dean skin This germ, too, caused a blood 
infection that might have been fatal had it not been for 
pcmalhn 

The patient was a healthy young farmer, twenty nine 
years old In September, 1943, his throat became sore and he 
thought he had contracted flu The illness persisted, he had 
chills and feter, complained of pain m his muscles and 
bones and of a stubborn headache The pain became par- 
ticularly severe in his nght hip In three weeks he had lost 
about twenty pounds and was so weak that he could hardly 
mote. 

Admitted to the hospital, he was examined, and his blood 
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showed that the common germ Staphylococcus alhrn had m- 
\aded Jus system and caused the inflammation of the soft 
parts of the bones (osteom)elms) The pauent was gum 
large doses of sulfa drugs which did not help him at all Hu 
weakness was increasing dangerous!) He was gnen a blood 
transfusion which bolstered him lemporanlj but did not do 
him any lasting good 

He had non been ill for se\en weeks and was steadily los- 
|n g ground- His condmon uas critical if not altogether 
hopeless Then penicillin treatments n ere ordered Forabout 
ten days he received a daily dose injected intravenously On 
the day following the first injections the patients tempera 
turc dropped to normal and he felt better At the end of ten 
days no germs could be found in his blood A week later the 
young fanner was allowed out of bed he felt well and ms 
eager to get home The only evidence of his illness was a 
slight pain in the nght hip 

Until now the blood infection which someumes follows 
abortion was considered almost incurable There was but 3 
slight chance of recovery and there was Little the doctor 
could do to help the patient. One case reported recently by 
a fsew Vork doctor seemed utterly hopeless and yet was 
cured by penicillin 

The pauent was a healthy young Italian woman married 
and die mother of two small children She could not affoal 
a third child Vet she had become pregnant What does a 
woman with a meager income do in such a case? She had an 
illegal aboruon 

A few days later her temperature went up Her whole 

y a led She went to a hospital and soon after admission 
suffered a severe hemorrhage The next day her temperature 
mounted to 104 105° and remained there in spue of heavy 
oses of sulfa drugs When her blood was examined Sla 
phylococcus aureus was found The germ iiad invaded not 
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only her blood, but her lungs as well. The patient developed 
a grave pneumonia in both lungs. As usually happens in the 
case of abortion, -when the infection spreads widely through 
the system, the inner lining of the abdomen is also affected 
by the germ, and peritonitis sets in. The woman’s chances of 
survival were poor indeed, with die germs circulating in her 
blood, the lungs affected, and the inflammation of the ab- 
dominal cavity. She was already in a semiconscious state, 
near death, when penicillin was given to her for the first 
time. 

On die first day 100,000 units of penicillin were admin- 
istered every diree hours. The next day die patient received 
a dose of 200,000 units every three hours. The third day her 
temperature dropped to normal. But the woman was still not 
rational, and was unable to take any food. However, two 
days lateT, having received penicillin injections every three 
hours, night and day, her condition improved, and she was 
able to take fluid food. Her lungs began to dear up, and the 
swelling of die abdomen decreased. She improved from day 
to day, and her blood remained free of germs Soon after, she 
was well enough to go to a convalescent home. 

Dr. Carl G. Harford and his associates of Washington Uni- 
versity Medical School, St. Louis, reported a typical case of 
septicemia: 

A man of fifty-four was apparently in good healdi until 
four dap before he was admitted to the hospital. On die day 
before entry he began to have chills and fever, and on the 
following day he complained of severe chest pains. When 
first examined at die hospital the whole right side of his face 
was swollen. A large dose of sulfamerarine had no effect 
whatsoever, so penicillin treatment was started. During the 
first twelve hours in the hospital his condition rapidly be- 
came worse. Examination revealed an infection of both 
lungs. Blood cultures showed Staphylococcus aureus. He re- 
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cened penicillin continuously for thirteen days intramus- 
cularly, and penicillin also was introduced into im pleunl 
cavii> Recovery wb prompt In tins case the infection had 
begun with the formation of a furuncle of the nose The 
germs spread into the blood stream invaded die lungs, and 
caused double pneumonia and pleurisy 
The successful treatment of blood infection depends on 
the proper administration of large doses of penicillin as soon 
as the signs of septicemia are recognized In some instance! 
a combined treatment of penicillin and sulfadiazine seems 
to give the most encouraging results 

INFECTION OF THE LLNCS (PNEUMONIA) 

In the year 1880 Louis Pasteur discovered a germ dut 
later became known as the pneumococcus. At that time he 
was not sure whether this germ was the one that caused 
pneumonia the grave disease m which die lungs are infected 
and badly inflamed and from which men often died 
Aldiough various forms of germs are capable of invading 
the lungs and inducing pneumonia it 15 the pneumococcus 
that has * specialized in this field There are many types of 
pneumococcus, some less dangerous to man, others very vg 
gressive and virulent Altogether there are about thirty two 
strains of pneumococcus divided into several groups but 
Type I and Type II each account for about one third of ah 
cases The most dangerous pneumococcus is Type III 
Pneumonia is a major problem facing every general pne 
tltioner In the early spring and late fall when colds and m 
fluen2a ravage die population of large cities the doctors are 
confronted with large numbers of pneumonia cases In every 
instance, but particularly in cases where the patient is no 
longer young there is always die danger of some serious 
complication and of possible death Medical men have been 
seeking a long time for a drug which would prove reliable 
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and effective m arresting the development of this disease, 
and m preventing the complications which so often accora 
pany u 

Pemallm has almost solved this problem The present 
figures indicate that pneumonia mated by any type of pneu 
mococcus can be arrested in 93 per cent of cases Moreover, 
the dosage of pemallm need not be very large In most cases 
not complicated b> other infections the illness may termi 
natc in complete recovery within three or four days The 
total amount of pemallm required for the successful treat 
ment of pneumonia is as a rule, not more than 500000 
units 

As early as 1943 Dr Keefer stated It is plain from the 
report cases that penicillin is a potent weapon in the treat 
ment of pneumococci pneumonia and many patients have 
recovered on less than 1 00 000 units given over a period of 
two or three da>5 Others have required more penicillin 
The recent clinical data on this subject fully corroborates 
Dr Keefers report. At present, however, the total dose of 
pemallm given to a patient with pneumonia is larger than 
the ones administered when the drug was scarce When there 
are complications in the pneumonia this is imperative 8 
An instructs e case along these lines was recently reported 
A sixteen year-old girl had suffered frequent headaches and 
pain in her right ear since childhood Three weeks before 
hospitalization she noticed drainage from her Tight ear, and 
complained of pain m and behind the ear Twenty hours be- 
fore her admission to the hospital she was seized w ith a se 
v ere headache and fainted Although she promptly regained 
consciousness the headache continued and gradually she be 
came delirious Examination revealed pneumonia, compli 
cited by meningitis and cutis For six consecutive days she 
was gtven 200000 units of penicillin daily Tins treatment 
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brought her complete lecovery Ten years ago such a case 
uould probably have been considered hopeless 

The pneumococcus is not the only germ causing pneu- 
monia Our opportunists staphylococci and streptococci, 
sometimes also take advantage of the low resistance of the 
organism to invade die lungs and to cause as grave an aifec 
tion as do the pncumococa Unfortunately penicillin is 
somewhat less effective in such cases and the chances of re- 
covery with the help of penicillin are slightly smaller than in 
die case of die pneumococcus The percentage of recovery 
for staphylococcal pneumonia treated with penicillin is about 
85 to 87 per cent while streptococcal pneumonia is even 
more resistant and only 60 to 65 per cent have a chance to 
be cured 

Two English doctors T I Bcnnct and T Parks described 
several cases which they had been able to cure with pemcd 
Un The climate of England favors diseases of the respiratory 
system Influenza and common colds are very frequent As 
often as not, a simple cold or flu is complicated by a lung in 
fecuon In fact all the patients treated by these English doc 
tors had started with a mild case of influenza which had 
turned into dangerous broncho-pneumonia 

One of their patients was a man of fine physique and m 
good health in his early forties who liv ed m a small town 
He came to die country hospital for some minor ailment and 
caught a cold while staying there By the fourth day he had 
a temperature of 10 and signs of brondnus appeared On 
the fifth day the bronchitis turned into broncho-pneumonia 
His sputum was full of Staphylococcus aureus Intensive 
treatment with sulfa drugs lasting several days brought no 
improvement. When he was delirious and at the point of 
death the doctors decided to give him penicillin He was 
sent to Middlesex Hospital where he was subjected to ener 
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getic penicillin therapy. He recovered after ten days of treat 
raent. 

Penicillin is of little, if any, help m the case of virus 
pneumonia (Reimann's pneumonia) as -well as in the pneu- 
monia caused by die virus of parrot fever (atypical pneu 
monia) 

A middle-aged noman writer was admitted to the hospital 
in grave condition At home her physician had diagnosed 
her ailment as pneumonia She received the usual treatment, 
first with sulfa drugs and, when she did not improve, with 
penicillin At first she seemed to respond to penicillin but a 
few days later she lost ground She was suffering from an 
atypical pneumonia Her sputum was examined A test made 
on mice left no doubt that she was affected with ' avian psit 
tacosis ’ 

Both psittacosis, or parrot fever, and the similar infection 
transmitted by pigeons, usually begin with pneumonia like 
symptoms, high £e\er and inflammation of the lungs but the 
infection soon spreads to other organs of the body Liver and 
spleen may be affected and paralysis of the legs and arms is 
often present In most cases the infection is fatal and ends in 
tire death of the patient No effective treatment against it is 
known In spite of intensive treatment with penicillin the 
woman died 

At one time there was hope that penicillin might be able 
to combat this dangerous infection As was noted earlier, the 
experiments on animals gave reasons for such hope, but the 
clinical evidence was not so encouraging 8 

Penicillin may be of help in asthma caused by infection of 
the bronchial tubes and chronic bronchitis The drug is usu- 
ally introduced by inhalation and in some cases highly satis- 
factory results have been reported 1 

When the lung is operated on for some reason, penicillin 
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renders considerable protection b) presenting postoperative 
infection 8 

All m all penicillin is tlie most powerful drug in the treat 
inent of pneumonia Because of its Iiarmlessness it can be 
given to older people without any danger of ill effect. 

INFECTION OF THE BRAIN COVER (MENINGITIS) 

As soon as penicillin was discovered it was hoped that the 
drug would provide a cure for meningitis However, the first 
cases treated with penicillin were distressing failures Theo- 
rcucall) penicillin should have been effective because the 
meningococcus germ as was proved in the test tube was very 
susceptible to the drug The cause of the failure was soon 
uncovered 

Dr Charles Rammelkamp of the Evans Memorial Hos- 
pital in Boston together with Dr Keefer, solved this medial 
puzzle They found that the drug when given to the patient 
intravenously onl> partially reached die brain Only a small 
quantity of penicillin was found m the spinal fluid of per 
sons who had received large amounts of the drug Something 
was preventing the penetration of pemalhn through the 
barrier that divides the brain and spinal cord from the rot 
of the human body The pemalhn remained as potent as 
ever if only it could reach its destinauon To bring die drug 
to die infected area the Boston scientists introduced periled 
bn direcd) into die spinal-cord cavity At first they were very 
cautious and gave the pauent a relatively small dose not 
more dian 10 000 units The results were gratifying Tlie pa 
uent was saved 

Using the method suggested by Rammclhamp and Keefer, 
odier practitioners have administered penicillin to roenm 
giti 5 pauents Dr Albert Evans tells of a case in which h £ 
saved die life of a man stricken with meningitis when there 
seemed to be no hope left. 
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The patient was a serviceman thirty five years old His 
swamp glider had overturned and the propeller had struck 
him on the head He was admitted to his station hospital in 
an unconscious state The wound was defended After a few 
weeks in the hospital he returned to his quarters Soon he 
became very ill experiencing nausea headache and all the 
other signs oE inflammation o£ die brain cover His spinal 
fluid revealed germs of the pneumococcus type Penicillin 
was injected simultaneously by intravenous and intramus 
cular methods and directly into the spinal-cord cavity Alto- 
gether the patient was given 2 088 000 units 

His improvement said his doctor was progressive and 
he made an eventual recovery Survival would not have oc 
curred with the types of therapy in practice prior to the ad 
vent of penicillin 

At present the mortality from meningitis caused by the 
meningococcus is reduced to about 10 per cent But the 
therapy should follow the pattern advocated by Rammel 
kamp and Keefer namely injections into the veins or into 
the muscles simultaneously with injections into the spinal 
cavity Since meningococcus is also susceptible to sulfa drugs 
a combined treatment with sulfadiazine is often used with 
excellent results 0 

Meningitis caused by pneumococcus is much more resist 
ant to treatment with penicillin and the mortality from this 
condition is reduced only to about 60 per cent 10 The mcnin 
gitis caused by staphylococcus responds quite satisfactorily to 
treatment with penicillin and recovery may be expected m 
about 8 a per cent of cases 11 

AH the clinical ev idence concerning the treatment of men 
tngttis with penicillin alone or in combination with some 
sulfa compounds indicates that the disease once regarded 
fatal is gradually being brought under control It still claims 
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these persons become free of the germs and cannot endanger 
those with whom they come in contact. Dr Hirsh and hu 
associates recommend rather large doses of penicillin to 
achieve a complete recovery The patients were given 125 
000 units of penicillin every three hours for not less than 
five or six days 

Dr Archibald L Moyne and Rovvine Hayes Brown of Chi 
cago corroborated these findings They treated successfully 
one hundred and sixteen patients for scarlet fever Each pa 
uent received about 500 000 units altogether, a much smaller 
dose than that administered by Dr Hirsh and his associates- 
Dr Noync and associates concluded that * penicillin is su 
penor to sulfonamide drugs as a therapeutic measure for 
scarlet fev cr 

INFECTION OF THE HEART (SUBACUTE ENDOCARDITIS) 

Among the opportunists who live with us and on us there 
is a coccus which forms a green colony: this germ is Strepto- 
coccus virtdans It is common when a mild infection occuts. 
When a tooth abscess develops in all probability it is the 
green-colony germs which are to blame Many a sinus mfec 
Uon is due to the activity of tins mild appearing opportunist. 
In inflammation of the appendix or gall bladder one must 
suspect the same germ But in some fortunately rare condi 
uons the green -colony germs succeed in penetrating into the 
blood stream and reach die valves of the heart As a rule they 
attach weak hearts— often rheumatic hearts There the germs 
grow, forming vegetations which consist of the masses °f 
streptococci encamped in die inflamed tissues of the heart 
valves This dangerous condition, which until very recently 
resisted all treatment is called subacute endocarditis AI 
diough other germs can and do cause this heart infection 
the green colony germ is responsible for this distressing 
ness m the majority of cases (gG per cent) 
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The peculiar characteristic of this disease is that it may 
affect young or old, healthy or ailing persons, and its onset 
may originate from a trivial ailment like an infected tooth 
or a head cold. When sulfa drugs were introduced great 
hopes were placed upon them, but they failed to fulfill ex- 
pectations. With the discovery of penicillin new hopes arose, 
but the first clinical observations were not very promising. 
Five years ago Dr. Keefer frankly admitted that "with regard 
to subacute endocarditis the picture is confused." However, 
with an improved technique the effectiveness of penicillin in 
this disease has been considerably increased. 

Why did penicillin fail at first in the treatment of this 
condition? Is this drug not effective against the germ that 
causes infection of the heart valves? The drug is known to be 
active against Streptococcus viridans and is highly effective 
in blood infections. And yet, apparently, it has been ineffec- 
tive against the same germs when they are firmly encamped 
inside the heart. 

Gradually, as experimental and clinical evidence accumu- 
lated, three factors emerged which accounted for the failures 
of penicillin therapy in the first attempts. It was learned that 
a peculiar physiochemical condition is present in the heart 
tissue which handicaps to some extent the antimicrobial ac- 
tivity of the drug. Another factor of major importance is the 
dosage of penicillin used. The total dose, even as much as 
was recommended in blood infections, was still not sufficient 
in subacute endocarditis. The final factor, which may ac- 
count in part for the failure of the penicillin therapy, was 
the resistance of the germ. 

What conditions are present in the heart valves which 
might interfere with ibe anivjjv of ^ejaiciltin? The valves of 
the heart are rich in red cells. In the event of inflammation 
an excess of a fibrinous substance may be found around the 
encamped germs. Is it possible that this fibrin-like barrier 
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forms some sort of wall around our enemies and th 3 t dm i si! 
obstructs the penetration of penicillin and impedes the en- 
trance of the ■white cells? 

Dr Louis hatz and Dr Stephen EIck held dial this was 
precisely the case and de\ eloped an ingenious net* therapy 
To present the formation of the fibrin nail around the m 
fected area in the heart they tried to present the formation 
of blood dots the point-of-depanure for the accumulation 
of the fibnn To make the blood flow more freely they used 
heparin a substance which is naturally present in the liver 
and which retards the clotting of blood 

Dr L Loewc and Ins associates have used penicillin and 
hepnnn on patients affected with inflammation of the heart 
valves They have frequendy though not always been sue 
cessful 

Altogether they have treated sixty two patients suffering 
from endocarditis and have had forty six recoveries In most 
cases die offending organism was a Streptococcus vvndam 
From 150000 to zoo 000 units of penicillin Mere given 
daily the total ranged from 1 400 000 to 7 800 000 units. 
The results of Uus combined penicillin and heparin therapy 
seem very encouraging Although Dr Loenc and hts assoa 
ates arc restrained m their conditions they say that the 
immediate effects [of this therapy] suggest uniformly success- 
ful sterilization of the blood and relief of clinical manifests 
tion So f3r forty six patients arc alive and in good condi- 
tion However the investigators are right to conclude their 
report with further observation wall be required to 

determine the permanence of results 

Some of the cases they describe are particularly striking' 
for example that of die girl L Z aged seven She was ad 
muted to the hospital because of chills and fever of ten 
weeks duration Three years before admission she had 3 
bout of unexplained fever 1 hidi lasted eight weeks yet she 
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remained perfectly well thereafter until her present illness 
developed. Her temperature ran as high as 103.8° with a fast 
puhe of 132. Examination revealed bacterial endocarditis 
caused by pneumococcus. She was first treated with large 
doses of sulfa drugs without any apparent improvement. 
■ Then it was decided to submit her to the penicillin-heparin 
therapy. During the first three days she was given 223.000 
Oxford units of penicillin and a hundred or two hundred 
milligrams of heparin every second day. Although her general 
condition was good, the temperature persisted and the peni- 
cillin-heparin treatment was continued without interruption 
for two weeks more (for a total of 867,920 units of penicillin 
and 1,500 milligrams of heparin). Her blood cultures, taken 
repeatedly during this time, were sterile, showing no sign of 
the germ. Before long she was discharged for further con- 
valescence at home. “Since then she has been examined 
periodically, her temperature remains normal, and the blood 
cultures negative. She is now attending school regularly.” 

Another case concerned a man of thirty-one. When he 
was a child of six, he had an attack of rheumatic fever from 
which, however, he apparently recuperated. His health was 
generally satisfactory, except for his teeth, several of which 
■were infected; he seemed to have paid little attention to the 
condition of his mouth. Three weeks prior to his admission 
to the hospital he felt ill. The toes of his right foot became 
painful and red. His temperature rose slightly. When his 
blood was examined, there was no doubt that the green- 
colony germ had invaded and attacked the valves of the 
heart. The diagnosis was obvious-endocarditis. After he 
was treated with heavy doses of sulfa drugs without appreci- 
able improvement, the penicillin-heparin therapy was under- 
taken. He Was given large doses of penicillin, altogether 
M oo.ooo units during two weeks, and made a dramatic re- 
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emery The germs disappeared from his blood and hu tem- 
perature returned to normal In fact he gamed fourteen 
pounds during the six weeks he was under treatment and 
observation When his infected teeth were removed the 
germ which had caused his heart trouble was found to be 
present His general condition at discharge was most satis- 
factory the doctors reported l * 

Subacute bacterial endocarditis declared Dr Charles h. 
Fnedberg of Mount Sinai Hospital is non the most com- 
mon form of heart dis-ase which can be cured ,J Reviewing 
148 cases of this disease treated since the advent of penicillin 
in 1941 and up to June 1919 Dr Tncdberg stated thatpeni 
cillin is the most reliable antibiotic for this disease The 
duration of treatment has generally been a minimum of five 
weeks There is a continued trend towards the admmistrauon 
of larger doses Although a dose of 500 000 units daily is 
often adequate for a high percentage of cases especially those 
caused by nonhemolytic streptococcus it is wiser to recom 
mend 1 n oo 000 units of penicillin as die minimum daily 
requirement Wien die disease is caused by a less sensmve 
microorganism dosages as high as 5 000 000 units or more 
per day are being used At present up to 70 per cent of 
cases of subacute endocarditis are being cured by penicillin 
therapy If we compare these figures with 1 ■> per cent of re- 
covery in th n pre sulfonamide era or with 4 9 per cent of the 
sulfonamide era one may see the enormous progress achieved 
jn die treatment of this deadly disease Tins disease requires 
a long continuous dierapy in order to sterilize the heart tis- 
sue of the germs Direct killing of all bacteria is important 
in cunng bacterial endocarditis remarks Dr Thomas H 
Hunter of Washington University And since penicillin 15 
bactericidal and affects the germ directly it should be given 
a preference over att other antibiotics 

Thus penicillin therapy has opened a new and very hope- 
ful chapter in the treatment of dus disease which only a few 
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years ago ivas considered by the medical profession as hope 
less 


GONORRHEA 

Only a few months after the British Drs Florey and Heat 
ley arrived at Peoria, doctors at the Mayo Clinic undertook 
the treatment of gonorrhea with penicillin They had at 
their disposal only a very small amount of the drug prepared 
in tlieir own laboratory No one had yet tried penicillin on 
tins disease, not even tlie British workers Dr "Wallace Her 
Tell and his associates at the Mayo Clinic were the first to dis 
cover the extraordinary efficiency of penicillin in gonorrheal 
infection, as evinced in the first two cases treated with this 
drug 

A man admitted to the clinic had contracted 1 gonococcic 
infection a few weeks earlier 'An inflammation set in imolv 
ing die prostate gland The infection was acute The pa 
tiem was treated with an adequate course of sulfa drugs but 
since the benefit of this therapy was only slight and tempo- 
rary, the sulfas were repeated He received an even greater 
amount of the drug, but the inflammation seemed to become 
aggravated Finally, the doctors resorted to penicillin The 
patient was given repeated injections of the new drug— about 
30000 Oxford units during die first twenty four hours To 
die amazement of the doctors five hours after the first dose 
was given, the patient felt better When ten hours had 
elapsed no more germs could be found They had all van 
lslicd, destroyed by penicillin Twenty four hours later all 
symptoms of his condition had disappeared The man was 
completely cured and all hts subsequent tests were negative 
Thus a disease which would ordinarily take weeks or 
mondis, to cure, and which is frequently followed by com 
plications and physical distress, not to mention the psycho- 
logical anxiety of the affected person, was cured by penicillin 
within a Few short days 



IJO THE MIRACLE DRUGS 

Even more striking was the second case treated at the 
Ma>o Clinic. The patient was a young man of twenty nine 
Tor five weeks he had been suffering from a gonorrheal in 
fection with a great deal of abdominal pain He ran a fe\cr 
of ioo° io»° Various sulfa compounds were tried on him 
with unsatisfactory results After a slight improvement the 
infection would return with renewed \igor The doctnn 
were discouraged and finally resorted to penicillin The re- 
sult of the treatment was miraculous Only five and one-half 
hours after the new drug was first given the patient an 
nounced that his pain had completely dis3ppeared-perhaps 
a psychological reaction Yet within forty hours no trace of 
gonorrhea germs could be detected- They had simply van 
ished The patient s temperature returned to normal and by 
all medical standards he was now a healthy man However 
to make certain that the infection would not return he was 
kept m the clinic for an additional two weeks The cure was 
permanent 

These two instances are not exceptional Other cases of 
gonorrhea even of the most stubborn and resistant form rc 
spond to penicillin m the shortest possible time Of 129 cases 
treated by Dr Mahoney at the United States Marine Hos- 
pital on Staten Island only four were not completely aired. 

In their article Management of the Venereal Diseases »n 
the Army Colonel Thomas B Turner and Major Thomas 
H Sternberg reported the results of the treatment of gonor 
rhea with penicillin More than 95 per cent of servicemen 
receiving a total dosage of 80000 units were cured 

In those patients who responded cure was effected with 
extraordinary rapidity subjective and objecuve improve- 
ment occurring *n most cases within twenty four hours alter 
the beginning of treatment This remarkable drug bid* 
fair to reduce gonorrhea to the status of an inconsequential 
infection 



penicillin vs infectious diseases 151 

There are mo striking facts about penicillins effect on 
gonorrhea Its action u very rapid, and it is effective m reia 
lively small doses Even a dose of 70000 units or less may 
clear the system of this germ, a dose of 100000 units as 
Commander Harry Oard pointed out, exercises almost com 
plete effectiveness 

Dr Philip Miller of the University of Chicago has made 
an intensive investigation of the rapidity with which the 
germs disappear when penicillin is given He injected pern 
cillin and examined the smear for germs every hour In some 
instances one hour after the first injection of 15 000 units 
was made no more germs could be found in the smear On 
an average m three and one half hours all the germs were 
gone nor did they recur Patients were completely cured 
after they had received 60000 units of penicillin given in 
the same day during a fiv e to eight hour interval 

Is penicillin as effective in the treatment of women as in 
the treatment of men? We learn from Dr Alfred Cohn and 
his associates that women affected with gonorrheil infection 
have been treated with remarkable results The same dose ef 
fcctive for a man will suffice to cure a woman This therapy 
may be completed within a period of six hours Two to five 
injections of penicillin given at an interval of two or three 
hours, is all that die patient needs to receive No pain or 
other bad effects due to the administration of penicillin were 
observed 

To date about 20 000 cases of gonorrhea treated with peni 
cillin have been reported in die medical press Statistics 
show that the percentage of recovery for men is about 94 per 
cent and for women slightly lower, about 93 t Gonorrheal 
prostatitis (infection of die prostate) and gonorrheal salpm 
gttis (acute infection of the ovaries) respond quite satisfac 
tordy to penicillin therapy 
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However, individual investigators give figures which vary 
considerably. Dr R. Koch, of the San Francisco Department 
of Health, and his associates, stress the fact that careful and 
repeated bacteriological examinations have given them much 
higher figures of failure than the ones reported by other in 
vestigators According to their findings, out of 485 gonorrhea 
patients treated with an initial course of 200,000 units c( 
penicillin, sixty-eight, or 14 per cent, were not cured 11 

In tiie treatment of gonorrhea it is imperative that the level 
of penicillin in the blood be maintained as high as possible 
during the first eight to ten hours Tlius many investigators 
suggest that the best method of treating this infection is {0 
give the patient a dose of 50,000 units every two hours (total 
amount of penicillin 300,000 units) Even more satisfactory 
results were obtained when penicillin vvas given in peanut 
oil and beeswax A single dose of 300,000 units was sufficient 
to bring recovery tn 91 per cent of the treated cases Accord 
mg to Dr H Welch and his associates penicillin X is even 
more effective than penicillin G Penicillin X succeeded in 
curing 94 per cent of their patients 

Although penicillin was proven effective m acute infection 
of the prostate and die ovaries, it is not so effective when the 
infections are chronic And if a woman has a salpingitis of 
long duration, surgical intervention may still be necessary. 

Gonorrhea may be prevented by a single pill of penicillin 
containing 100 000 units. Dr Harry Engle of die National 
Institutes of Public Health, United States Public Health 
Service, recently stated 

Tlie test was made on Navy personnel The penicillin tab- 
lets were given, one tablet per man, to about two hundred 
men as they returned from shore liberty This test continued 
for a sixteen week period Each time a man from this "ex 
perimental group” returned from shoTe leave he would re 
ceive a tablet In this group only five men contracted gonor 
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rhea In the ‘control group which did not receive tablets of 
penicillin, but were given placebo tablets containing nothing 
but sugar, forty three cases of gonorrhea developed 
A few months later the same experiment was repeated 
but now the men of the first penicillin group received a 
tablet double the strength of the earlier experimental dose 
Only one man became infected with gonorrhea When ques- 
tioned by the doctors he admitted that he had not taken the 
penicillin pill at all The doctors who conducted the test 
believe that by this simple preventive method gonorrheal in 
fcction can be reduced considerably among men in the services 
Gonococci are among the most vicious and virulent germs 
known The effects of this disease are very serious indeed 
both for the individual and for society It is the prime cause of 
sterility In women, chronic gonorrhea is responsible for a 
long list of diseases many of which require surgical treatment 
Because of the great frequency of these infections their tend 
ency to become chronic and the grave effect on the individ 
ual tins disease was considered fully as important a public 
health problem as the much feared syphilis With the use 
of penicillin, however, the danger of many of the complica 
lions which follow gonorrheal infections wall be greatly re 
duced Gonorrhea itself may, under combined penicillin and 
sulfa drug therapy, be reduced to the status of an income 
quenual disease 


svmius 

Bn Mahoney, Arnold, and Harris undertook the first treat 
mem of syphilis with penicillin ,s The infection was fresh— 
die young sailor had contracted die disease only a few weeks 
before The examination revealed that the syphihuc ulcer 
was full of spirochetes and that they were also present in die 
blood Every four hours for eight consecutive days the patient 
received 25 000 units of penicillin, altogether 1,200 000 units 
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■uere given by intramuscular injection At the end of the first 
seven hours of treatment the spirochetes could no longer be 
found either in the blood or m the ulcer Blood tests which 
had been strongly positive for syphilis at the start of the treat 
ment became negative by the fifteenth day 

One hundred days alter the treatment had been stopped 
the blood tests were repeated No trace of the infection could 
be detected by the most thorough tests known for tins con 
diuon Tour months after the sailor had received his first in 
jecuon of penicillin he was completely cured Several other 
patients with recent infections were treated with penicillin 
and were cured in die same spectacular manner 

Despite the remarkable results Dr Mahoney had a word 
of caution to offer 

Since syphilis is a disease which tends to relapse after a 
longer or shorter period of freedom from symptoms he said, 
a prolonged observation of a large group will be needed to 
confirm the promise which is held out by the first group of 
patients 

Since that time more dian 500 000 syphilitic patients have 
been treated with penicillin The Executive Committee of 
The American Venereal Disease Association recently issued 
(1950) a brief summary concerning the results of mort than 
300000 cases oE syphilis submitted to penicillin therapy 
There is complete agreement this report states that the ad 
ministration of penicillin alone results in the rapid disap- 
pearance of Treponema pallidum from lesions and a rap'd 
healing of skin bone and mucous membrane lesions At the 
present time more than 4 000 patients with primary' and 
secondary syphilis treated with varying amounts of pemed 
Iin have been observed for periods longer than two sears- 
With 78 to 90 per cent of these patients all the reactions and 
tests were negative indicative of their complete cure Thus 
there is a strong conviction that the great majority of th c 
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patients with early syphilis can be cured by penicillin ther- 
apy. There is also conclusive evidence that penicillin alone, 
either before or during pregnancy, gives results approaching 
perfection in the prevention of infantile congenital syphilis. 
The striking fact is that syphilitic patients {with primary and 
secondary infection) treated with penicillin are rendered 
non-infcctious in a matter of hours, and that the majority 
^remain so. 

Not less hopeful are the results of the treatment of chronic 
ncurosyphilis. Often syphilitics might become blind, owing 
to atrophy of the eye nerve. Dr. Stokes and associates re- 
, ported a striking improvement in the case of a patient who 
was losing his eyesight due to this disease. He was treated with 
large doses of penicillin {2400,000 units) and showed re- 
markable improvement. It is already clear that penicillin is 
our most effective medication in both early and late neuro- 
syphilis. Even in the treatment of paresis the evidence seems 
more and more convincing that penicillin is effective in many 
cases of tliis condition. Many patients with late latent syphi- 
lis are being treated with penicillin in this country because 
of the safety of the drug and the belief that an agent which is 
effective on early and late active syphilis will also be effec- 
tive in the latent form of this disease. 

It is in the field of syphilis that penicillin therapy lias been 
the most dramatic. For here is a wide-spread infection, dread- 
ful because of its complications, resistant to many other 
treatments and which responded promptly to penicillin. 

RAT-BITE FEVER 

Rat-bite fever is a peculiar, and relatively rare, disease of 
man. It develops, as a rule, after the bite of a wild rat, but a 
dog, cat, white rat, or even a weasel may be the cause. This 
disease 5 s not new. Indeed, it has been known for more than 
a thousand years in India and possibly was brought into 
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Europe, as well as into Uus country, from that land Thfc 
are two types o£ rat bite fever The Oriental form is caused 
by the germ called Spirochaeta morsus muns The infecuon 
prevalent m the United States is induced by a microorganism 
Streptothnx muns rath No effective treatment was known 
for this disease sulfa drugs proved to be of no help 

Drs IV A Altmexer H Snyder and G Howe of the Um 
versity of Cincinnati Medical School treated three cases* 
of small children who were the victims of rat bites with 
penicillin 

In one case a white child ten months old, had been bitten 
on the left hand and right foot by a large brown rat two 
weeks before she was admitted to the hospital Within ten 
days she developed high fever and a skin rash, which began 
on the face and spread rapidly over the whole body At the 
time of admission she was acutely ill with a temperature of 
103 0 ° A red rash was distributed generally over the body 
including the palms of the hands and soles of the feet. Amar 
ingly enough the tooth marks from the rat bite did not ap- 
pear inflamed Her lymph nodes were somewhat enlarged. 
The blood culture was reported positive for Streptothnx 
muns ratli At first the child was given sulfadiazine, but With 
out any beneficial effect The sulfa treatment was then dis- 
continued and penicillin therapy was started After she wai 
given 300000 units her temperature went down to normal 
and she promptly rccoi ered 

An even more striking case was reported by Dr Edward S 
Petersen and associates \ real estate appraiser was bitten by 
a rat and gradually developed endocarditis caused by Strcpto- 
bacillus moniliformis a fatal disease for winch no cure vas 
known Penicillin therapy brought down his temperature 
and eliminated the infection *• 

Tli ere no longer seems to be any doubt that penicillin w 
effective in the treatment of rat bite fever 
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DIPHTHERIA AND VINCENTS ANGINA 

The great danger of diphdieria lies m die peculiar property 
of this germ to produce poisonous substances The touns of 
Corynebactenum dtphthenae affect the heart Small children 
are particular!) vulnerable to heart failure from this disease 
Thus die present treatment of diphtheria is directed toward 
neutralization of the toxins The antitoxin serum is an im 
portant part of the modem therap) Although die germ of 
diphtheria is very susceptible to penicillin die drug is not 
capable of neutralizing the poisonous substances which die 
germs produce Therefore penicillin is given to die patient 
as a supplementary treatment (in conjunction wdi die anti 
toxins) to destroy the virile germs In some cases a blood in 
fection may take place In such instances penicillin renders 
an important service by abating the secondary infections of 
streptococci or staphylococci 

The condition known as Vincents angina consists of an 
inflammation of the mouth tonsils and throat It usually 
begins as an infection of the tonsils (tonsillitis) or with a 
sore throat and soon leads to the formation of yellow mem 
brane resembling that of diphtheria This infection is caused 
by a microorganism called Borrelta vincenlit which is highly 
susceptible to penicillin The results of penicillin therapy 
have been excellent Denny and his associates have statdl 
that penicillin is the most effective drug yet known in the 
treatment of this disease The patients were given intra 
muscular injections every two or dirce hours (from 10000 
to zoooo units) for three or four days and completely re- 
covered from the infection 

Even the local application of solutions containing pemcil 
hn may cure the disease Dr A L Strock had his patients 
hold penicillin solution in die mouth for forty to sixty 
minutes- 1 * Dr G F Joseph reported that according to his 
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observation, it suffices to give the patient only two intra 
muscular injections of penicillin (50,000 units each, three 
hours apart) Highly effective are the penicillin trochees 
as they are chewed by the patient, penicillin is released and 
gradually destroys the germs 

Although Vincents angina is not, as a rule, a dangerous 
disease, in man) instances it leads to complications of the 
tonsils or the ears. With penicillin this disease is no longer 
a problem for the medical profession 

INFECTION OF SINUS AND TONSILS 

To the numerous sufferers from infections of sinus and 
tonsils penicillin may bring relief, if not a complete cure 
In man> instances penicillin has proven to be of high efii 
cicncy, perhaps more so in cases where the infection is acute, 
accompanied by the fever and discomfort common to these 
diseases 

While the drug may be less effective in chronic sinus and 
tonsil infections as a part of regular treatment it still affords 
great relief to sufferers In acute cases of sinus or tonsil in 
fecuons the patient is simultaneously given intramuscular 
injections and local applications of penicillin In case of sinus 
infection the drug may be given in the form of a suspension, 
a few drops of which are introduced into the nasal cavity 
When the tonsils arc infected trochees or tablets of pen 
lallm dissolved m the mouth must supplement intramuscular 
injections of the drug 


OTHER DISEASES 

In many other infectious conditions which have not been 
reviewed the effectiveness of penicillin therapy is determined 
by the type of the germ which causes the disease In trachoma, 
which is caused by a virus like organism, m acute rheumatic 
and in rheumatoid arthritis as well as in ulcerative 
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colitis penicillin offers little therapeutic effect In many cases 
of osteomyelitis, particularly those caused by staphylococcus, 
the penicillin therapy is quite effective In erysipelas, penicit 
Im gives excellent results Topical applications o£ penicillin 
in cases of acne vulgaris and impetigo contagiosa have proven 
very effective Patients with relapsing fever may or may not 
benefit from penicillin therapy The drug has been meffec 
me in controlling the progress of chronic nephritis, but it 
may be helpful in the treatment of the acute form of this 
disease Ludwigs angina may be successfully treated with 
penicillin alone or m combination with sulfadiazine 

Finally, penicillin has found its place in the treatment of 
acme conjunctivitis (2,500 units per cubic centimeter every 
five minutes) In the opinion of Dr A Sorsby, penicillin is 
so effective against all the common germs of acute infection 
of the mucous membrane of the eye that the drug may, in 
his opinion completely replace the sulfa compounds in the 
treatment of these conditions 

When Dr Fleming discovered his now famous mold and 
extracted die first crude penicillin he never visualized the 
potentialities of tins substance as an antimicrobial agent on 
such a huge scale Even when the first clinical observations 
indicated that this drug had unique antibacterial properties 
neither Dr Florey and his associates nor their American col 
leagues ever imagined that penicillin would find application 
against so great a host of diseases For, although the drug is 
not a cure for all infections, and has considerable limitations 
m its power to fight and to destroy pathogenic germs its 
therapeuuc usefulness and effectiveness is truly remarkable 

It is hardly passible to approximate how many lues pen 
icillm has saved The number may run into hundreds of 
thousands Certainly it will save many more millions m die 
future Strange, indeed, that so much good should come from 
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an accidental discover} of a mold. If the mold had been lot 
m the routine cleaning of Dr Fleming s laboratory would it 
etcr have been discovered by some other scientist? Possibly 
so but it might have taken man) yean during which time 
many lives would hate been lost. 

There is no such thing as an accident m scienUfic dts- 
co\ery Pasteur once obsened One may agree with him, and 
)et there seems to hate been something Providential in die 
fact that this mold was sent to St Mary s Hospital laboratory 
and was investigated by Alexander Fleming 
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majority of scientists for they consider that there is no foun 
dation for the hypothesis that cancer is of infectious origin 
They argue that no one has been able to prove unequivocally 
that die disease is caused by a living agent The fact that 
cancer can be produced by various chemical agents seems to 
leave little room for die infection theory However anum 
ber of medical men of high rank stubbornly hold to this 
theory among diem are Dr Peyton Rous of the Rockefeller 
Institute for Medical Research and Dr Gye of London 
A few years ago Dr Gye made die sensational announce- 
ment that he had isolated an agent that initiated some mo, 
hgnanr growth He insisted that die organism always present 
in cancerous tissue causes a growth when injected into healthy 
animals Gyes microorganism was thoroughly investigated 
by other scientists The Hater proved that, while it might be 
present in cancerous tissue us presence was purely accidental 
It is not itself the cancer agent if such an agent does oust 
However despite the negative conclusions readied by others 
Dr Gye continued to adhere uncompromisingly to his own 
theory 

When Dr Gye learned of the discovery of penicillin it was 
only natural that he should attempt to apply the drug to 
cancer If penicillin could destroy many types of germs it 
might be able to liquidate the hypothetical agent of cancer 
He began to give penicillin to cancerous animals He treated 
many mice and rats but to no avail Tumors grew entirely 
unaffected by penicillin There was little doubt that die drug 
was powerless to stop tumor growth even for a short period 
But Dr Gye did not accept defeat To him the negative 
results with penicillin therapy were unconvincing He res 
that penicillin destroys only certain types of gennr 
it docs not have the power to affect the virus like 
„ of cancer But other molds might exist which have 
*he magic power to kill cancerous cells. He continued to in 
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vcstigate, in the hope that he would find one to meet his re- 
quirements 

One day Dr Harold RaismcL professor of biochemistry 
in the London School of Hygiene and Tropical Medicine, 
informed him of the discovery of a mold belonging to the 
species Pemalhum , a distant relative of the now famous 
Penicillmm notatum, which produced a substance quite dif 
ferent from penicillin itself The mold had been obtained by 
Dr Raistnck some years before from Baam, Holland, and 
had been identified as Pentctlltum patulum (Rainier) The 
substance produced by this mold was accordingly called patu 
lin Fatuhn is a colorless beautifully crystalline substance 
soluble m water and most organic solvents When examined 
m the test tube, it showed an inhibiting effect on both Gram 
negative and Gram positive bacteria 

However, animal experiments with patuhn had offered 
little hope that the drug could be introduced into the blood 
stream, for it had a harmful effect on the organism It was 
toxic for white blood cells, when injected into a mouse it 
killed the animal, damaging the kidneys and the liver Patuhn 
appeared to be of no use m medical practice Nevertheless, 
it was sent to Dr Gye for trial on cancer 

So Dr Gye tried patuhn on cancerous animals He found 
that the drug was powerless to arrest malignant growths At 
this distressing point in his research, the English scientist 
caught cold Perhaps a disgusted devil may<are mood was 
induced by the cold and prompted him to use the drug on 
himself, perhaps Jt was the adventurous spirit of a true ex 
penmenter Whatever motivated his decision Dr Gye tried 
the drug m the form of a nasal douche Next morning I was 
completely well and back at work, he reported 

Patuhn was then tested on members Of Dr Gye s staff Dr 
Gye reported at length on some of the cases he treated. Among 
them was the striking case of Dr D P In November of tgjs 



HIE MIRACLE PRUCS 


j6< 

he \ras kept indoors for five days with a violent infectious 
cold His nasal passages were blocked and he sneezed con 
tmuously On November 24 his nose was running and he 
felt neuralgic pains in the bones of his Face On the same day 
he gargled and douched his nasal passages with patultn four 
times during the day The next day he recorded Moke with 
nasal passages clear and dry No cough Slight huskincss of 
voice No further treatment Returned to work. Comment 
tng on the case of his assistant who suffered frequently and 
severely from colds Dr Gye said Many people regard the 
common cold as an annoying inevitable minor illness suitably 
treated with contempt Those few who are subject to frequent 
attacks each of which lasts several weeks and makes life a 
misery do not take such a lighthearted view 

The success of these treatments convinced Dr Gye that 
patulin was of therapeutic value for the common cold In 
spired by Ins report an extensive investigation was imuated 
by Dr W A Hopkins surgeon commander H M Royal 
Navy on one hundred eighty patients at a Naval Depot. 
Ninety five patients suffering from colds were treated with 
patulin Fifty five of them recovered the next day The other 
eighty five served as control and were not treated. Only eight 
of these recovered by the following day 1 

The results of these experimentations with patulin created 
a sensation in England w here the common cold is so preva 
lent it is regarded almost as an inseparable part of English 
life Hope blossomed that at last medical science had found 
a remedy for this ailment However die clinical mvestigauon 
by Dr C H Stuart Hams and Dr A F Francis threw a 
shadow of doubt over die effectiveness of patulin as a cold 
cure* 

It is now generally conceded that the common cold is not 
a disease caused by a single agent There are it is believed 
two or more virus like ultramicroorganisms as vs ell as some 
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chemical formula was cx:icl ' y ‘ 3 „ F ced ih cm that they 
their invest. gauon in the test tube convinced “ 
were dealing with the same anti >ot ' c pa d d, e simt 

'Utile the British scientists were confronted 'v, 
lamy of two antibiotic of 

molds and were trying to find . P 1 esugators came 
die newly discovered drugs American mves k 

across a similar problem , , corne r of 

H you lease a cup of very sued tea in a dark 
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the room for two or three days you w ill find on the surface 
a mold usually white at first and then blackish Under a mag 
mfymg glass die mold will appear as a characteristic fruit 
tree like small plant Trom one rounded end stalks radiate 
The mold differs from Penicilhum not only m structure but 
also :n habits. It prefers a slightly higher temperature flour 
jshmg it body temperature about 98 99° F It grows best on 
material rich m sugar It does not dislike acid as does Pemcil 
hum, rather preferring in fact a medium cm the acid side 
If you wish to catch this mold in your teacup be sure to sour 
your tea with lemon Dusty air is full of spores of this mold 
die aspergill us 

One member of this family of molds Aspergillus clavatus 
produces a substance which possesses antibacterial properties 
It was tins substance named davacin that Dr Waksman dis 
covered at almost the same time diat Florey and Cham an 
nounced the isolation of claviformm The drug was soluble 
in water and alcohol and was \ery stable if kept in 1 slightly 
acid soluuon It was remarkably effeeme against many Gram 
posime as well as Gramncgame germs It was not only 
capable of inhibiting the multiplication of the bacteria but 
alio killed them This meant that the drug was not only 
bacteriostatic but bactericidal as well Moreover it seemed 
capable of destroying some fungi which cause skin infection * 
Yet when die drug was tested in vno on animals it proved 
quite to\ic It destroyed white blood cells and when injected 
into the blood stream caused damage to the User and kidneys 
of the animals But the most intriguing finding was the fact 
of the similarity of this drug to patulin and claviforrain By 
chemical analysts and \ ray crystallography Dr Chain dem 
onstrated that all three substances were identical B 

This ties', disclosure rescaled what had already been sus- 
pected— that an identical chemical substance may be pro- 
duced by two or more different molds These might belong 
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to different species and jet be capable of producing an anti- 
biotic substance of the same chemical nature and of similar 
biological properties. Hence these three drugs, each bearing 
different names, patulm, clavacm, and claviformin, are actu- 
ally the same chemical agent. 
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Streptomycin, Neomycin, and Fradicin 
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It took Dr ricmtng ten years to bring his discovery of pen 
icillin to a successful conclusion that is to a point where it 
was at last recognized by the medical profession Ten years 
of struggle and of endless appeals to ins colleagues for as 
sistancc in proving that a common mold was capable of pro 
ducing a substance which destroys some of the most hostile 
and dangerous microbes 

The story of streptomycin a substance which is effective 
in many instances where penicillin is powerless is even more 
striking m its deidopmcnt For die microorganism which 
produces streptomycin was captured by Dr S A Waksman 
thirty years ago in 1919 when Waksman isolated a micro- 
organism known as blrcptomyces grueus or Actinomyces 
gnseus from the soil 

W'aksman is one of the most aidcnt devotees of the new 
science of antibiotics which is already playing so important 
a role m the fight against infectious disease Enthusiastically 
he visualizes new discoveries which will bring not a partial 
but a complete solution of the age old problems of medical 
science by utilizing die amazing ability of molds and other 
microorganisms to create chemical weapons against germs 
168 
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For a number of years he has been working in his laboratory 
at Rutgers University trying to capture some of the most 
prolific of these small organisms He has discos ered several 
antibacterial substances which may prose of considerable 
value to medical practice But the amazing fact is that while 
he and his associates have spent years testing numerous micro- 
organisms for their antibiotic properties only quite recently 
was the discovery of streptomycin made Actually it was dis 
covered by Waksman and lus associates in 1944 twenty five 
years after they had originally captured it 
The soil and the air are full of peculiar microorganisms 
that are neither bactena nor molds They resemble both 
They may be called w 1U1 equal propriety bacteria like molds 
or mold like bacteria Some prefer to call them super bactena 
fungi The name of their genus is Actinomyces To tins group 
of bactena molds belongs Actinomyces gnseus which pro- 
duces streptomycin These bacteria molds grow in the form 
of branched filaments or threads forming a mie mycelium 
like that of a common mold When this organism is well de 
vclopcd the surface of the colony has the powdery look which 
we associate with typical molds What then differentiates 
them from common molds? How cab one distinguish an 
actinomyccs from other molds’ Their body the mycelium is 
ahvays made up of fine very narrow filaments which as often 
as not are fragmented The word actinomyces means in 
fact ray fungi They may be white gray or any other color 
They arc a large family and repeal considerable variety in 
appearance Unlike common molds they arc sensitive to acid 
reaction and will not grow in an acid medium IE your tea 
was soured with lemon there is very little chance that tins 
mold will grow in jour cup But a bowl of chicken broth 
most surely wiU catch some of thes^c fast-growing super bacteria 
The mold Slreplomyces gnseus produces the drug more 
effectivelv when it is cultivated in an agitated and submerged 



170 THE MIRACLE DRUGS 

medium than in a surface and stationary tank Figuratively 

speaking the mold likes movement It requires also a 

special nutritive substance to make it grow rapidly Meat 

extract provides this stimulating factor But corn steep liquor 

produces a similar, though less enhancing effect upon the 

mold 

Streptomycin has been prepared in crystalline form but as 
yet its chemical formula is not known (It occurs as an organic 
nitrogenous base ) It is soluble in water and in acid solutions 
It is more resistant to heat than penicillin In powder form 
it may remain intact at room temperature for as long as eight 
or ten months Yet it is better to keep it at a temperature 
below 20® C The preparations which are on the market con 
tain a million units m one gram The antibacterial activity of 
the drug is measured not chemically but by the inhibiting 
effect on the growth of some germ ( Esch coli) 

When streptomycin is given to a man hy injection it is 
readily absorbed by the system Let us assume that a dose of 
500 000 units (o 5 gram) is administered by intravenous injec 
tion Very soon as much as 30 units per cubic centimeter may 
be found in the blood And although the drug is excreted by 
the kidney quite rapidly its disappearance from the blood 
stream is much slower than that of penicillin Even six hours 
after the injection the Wood may sttll contain as mudi as to 
units per cubic centimeter of blood The most satisfactory 
method of administration of streptomycin is by way of in era 
muscular injection A hundred thousand units given every 
three or four hours will keep the level of the drug in the 
blood at about 3 \ units 

It appears that streptomycin cannot be given by mouth 
When taken in the form of tablet it is not absorbed at all and 
is eliminated intact in the feces according to Anderson and 
Jtwelk 

Unlike penicillin streptomycin isof considerable toxicity It 
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does not affect the red and white cells and does not harm the 
bloo dimming system Unfortunately, it does produce an lm 
tation of tlie kidney which may result in the appearance of 
blood and albumin in the unne 1 The most grave corn plica 
lions are due to the toxic effect of the drug on the central 
nervous system (the eighth cranial nene) Vertigo is the com 
monest reaction in patients treated with streptomycin this 
was observed in nine out of ten persons The vertigo may 
persist for days or weeks after the treatment is discontinued 
In some patients who have received streptomycin for a period 
longer than three weeks deafness may develop As a rule 
it is of a temporary nature, but in rare cases the hearing 
may be impaired to some degree for the rest of their lives It 
is what we call neurotoxic reactions that are the most dis 
quieting feature of this therapy' However when die treat 
ment is not very extended and is limited to a three four weeks 
period and the dose given is relatively small (i gram per day) 
the toxic reacuons may be of a relatively harmless and tem 
porary nature 

The hazards of streptomycin toxicity have been somewhat 
reduced by the chemical modification of streptomycin to a 
new form called dihydrostreptomycin This modified antibi 
otic retains all die antibacterial properties of the original 
drug but is much less toxic although even dm new form of 
streptomycin is not devoid of all toxic reactions and should 
be applied with some care 

The characteristics of streptomycin are strikingly similar 
to those of penicillin However they differ in some respects 
Streptomycin is much more effective against Gram negative 
and acid fast bacilli Hence some of the bacilli against which 
pemedhn a? Juz'iFectJieare snarled successful! v by sueptowy 
cm Among these penicillin resistant bacilli is the tubercle 
bacillus It is m the treatment of tuberculosis that the use- 
fulness of dm substance seems to be particularly promising 
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streptomycin in tuberculosis 

A normal seventeen months old child of good constitution 
became gravely ill For a month a high temperature of ioi 
io 3 ° weakened him The child began to lose weight and re- 
fused to cat His parents both healthv showed no signs of 
tuberculosis In fact, no one on either side of the family was 
afflicted with this disease The roentgenogram of die child s 
chest was not entirely conclusive although some infection 
was apparent- A more thorough examination revealed numer- 
ous tubercle bacilli {Mycobacterium tuberculosis) in thestora 
ach Immediately a streptomycin therapy was initiated and 
the child was given about 1 oooooo units a day for thirty 
days After twenty days of treatment he manifested all the 
symptoms of recovery His temperature went down to normal 
He gamed weight and hts appetite returned The Xray ex 
animation indicated that die lungs were completely cleared 
The case was reported recently by Drs Hevworth N Sanford 
and Donald E O Bnen of the Presbyterian Hospital Uni 
vemty of Illinois 

This child was not die only one so treated. Three other 
children among them an infant of seven months recovered 
from an unquestionable pulmonary tuberculosis after one 
month of streptomycin therapy 

These are dramatic cases. Not only do they suggest an cf 
fecuve remedy for this disease may be available but also that 
the drug itself is not harmful If an infant was able to tolerate 
as large a dose as a million units per day for thirty consecu 
uve days without ill effects and regained healdi there is hope 
dial streptomycin will be of use in die fight against a stub- 
born affliction that is as yet far from conquered 

Howev er, m spite of dm encouraging report the thempev 
tic value of the drug in tuberculosis is still under discussion 
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by medical men The experimental and clinical evidence, al* 
though very encouraging, is so far by no means conclusive. 
Tor not only is the problem of tuberculosis much more com 
plicated than that of other infectious diseases, but the tubercle 
bacillus has peculiar properties which we seldom meet in 
the bacterial kingdom * 

Naturall), the question arises whether or not streptomycin 
can penetrate the protective capsule of the tubercle bacilli 
to destroy them Experiments in the test tube have given 
no evidence that the tubercle bacilli arc destroyed by strep- 
tomycin That is the conclusion at which the investigators 
have arrived But streptomycin does inhibit their growth, 
and impedes their proliferation s 

The general assumption is that streptomycin behaves in 
the test tube as a bacteriostatic agent that retards the develop- 
ment oE die tubercle bacilli In die human body it acts m 
the same way As Dr Emile Bogen stated ' Streptomycin is 
a retardant, radier than a bactericidal agent The tubercle 
bacillus can be kept from growing without actually being 
killed, over a wide range of concentrations of streptomycin 
But tins retarding action may be of considerable importance 
in saving lives.’ * The experiments on animals corroborate 
his statement 

The first streptomycin experiments on animals were in 
mated at the Mayo Clinic m 1946 Drs H Corwin Hmsliaw 
and William H Teldman used thirty two guinea pigs to test 
the new drug Fourteen were inoculated widi the culture ol 
tubercle bacilli, then injected under the skm with streptomy 
cm The dose vmed from 1,800 to 6,000 units per day, di- 
vided into four doses The treatment continued for more 
than fifty days The remaining 'control animals were in 
feeted with tubercle bacilli, but no treatment was given The 

•See pages 61-62 tor the earlier description of tubercle bacillus. 
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untreated animals all dev eloped pronounced tubercle lesions, 
while the animals submitted to streptomycin therapy were 
free, or almost free, from tuberculosis infection 

Simultaneously, similar experiments were conducted at die 
National Institutes of Public Health, Bcthcsda Maryland 
Drs M I M Smith 3nd W T McCloskey treated with strep 
tomycm twenty five guinea pigs infected with tubercle bacilli 
The animals were given 5 000 units per day for about sixty 
days The results n ere identical to those obtained at the Mayo 
Clinic The appearance of tubercle lesions were considerably 
retarded or prevented altogether 0 A number of other in 
vestigators have recently repeated similar tests cither with 
guinea pigs or mice with encouraging results 

The most convincing investigation, however was reported 
recently from the Pasteur Institute in Pans C Lcvadm and 
A Waisman infected mice with one milligram of tubercle 
bacilli quite a large amount They conducted two series of 
expenments In the first senes twenty four mice received 
1,000 units of strcptomvcm while seventeen mice were used 
as controls. In this series the treatment was started simul 
taneously widi the inoculation the animals received their 
first dose of die dnig on the same day that they were infected 
with die tubercle bacilli In die second senes eighty mice 
were subjected to the streptomycin therapy with thirty seven 
mice sen mg as controls Half of the treated animals were 
given streptomycin only twelve days after they had been m 
fected 

The results obtained by die scientists at the Pasteur In 
stitute convinced them diat streptomycin is one of the most 
effective agents for the treatment of experimental tubercu 
lasts tn mice Letadtti and Waisman made a detailed ex 
aminauon of the behavior of the tubercle bacilli in die bodies 
of die mice submitted to streptomycin therapy The drug 
does not destroy the germs directly but checks their mulu 
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plication The bacilli lose some of their aggressive vitality 
and fall easy prey to the white blood cells the phagocytes 
Titus streptomycin is a valuable aid to the defense mechanism 
in die battle between the organism and the invaders By re 
straining die activity of the tubercle bacilli, the drug permits 
the organism to fight die germs successfully Consequently, 
the tissue where the bacilli were injected presents the typical 
picture of a healing process, a cicatrization which is able to 
withstand invasion by the bacilli But there is not a com 
plete cure, no radical sterilization of the germs When the 
treatment is discontinued the infection may develop again 
and the animal may die of tuberculosis 6 

Trom these investigations of experimental tuberculosis it 
is apparent that streptomycin is not a cure Against this disease 
Alone it cannot fight the infection successfully and cure com 
pletely, but it renders valuable service to the defense forces 
of the organism by depleting the vitality of the germs 1 

As soon as the results of experimentation on animals proved 
encouraging an extensive clinical investigation nas initiated 
at the Mayo Clinic The first report on one hundred patients 
treated with streptomycin was published in igjG by Hmshaw, 
Feldman, and Pfuetze, and embraces two years of clinical 
work 8 

Various types of tuberculosis were treated The most hope- 
less cases of miliary tuberculosis, where the infection is gen- 
eralized, received intensive streptomycin dierapy Out of 
twelve patients affected with generalized tuberculosis and 
subjected to treatment, six died The rest were alive at the 
time the report was published One patient showed pro- 
nounced improvement after two months of treatment This 
is an enormous achievement, considering the gravity of the 
illness 

Four patients who dev eloped meningitis the most danger 
ous complication of tuberculosis, showed signs of improve- 
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iricnt In fact, the response to streptomycin on the pan of 
these patients was unmistakably good, consistent and prompt 
The improvement began after one or two weeks of therapy 
The temperature went down to normal In all four cases 
the return of a sense of well being and the disappearance of 
headache was manifested These patients were treated for 
six months Three of them remained m good condition for 
two or three months after the injections were stopped In one 
case the infection returned with new force after a month 
consequently he was given new and prolonged treatments 
with streptomycin 

Physicians at the Mayo Clinic also treated a number of 
cases of lung tuberculosis In about 30 per cent they noted 
an unquestionable improvement which manifested itself in 
the closing of the lung cavities and the disappearance of 
tubercle bacilli from the sputum of the patients 

It is wise to recognize as dearly as possible the limitations 
which are imposed on die treatment of tuberculosis by anti 
biouc agents Hinshaw and his associates conduded in their 
report and especially to emphasize the limitations and 
shortcomings of streptomycin Unfortunately tuberculosis 
tn human beings pursues an insidious course often it docs 
not produce symptoms until irreversible destructive dianges 
have been wrought m the tissues Actual healing m tuber 
culosis must be accomplished by the slow process of resorp- 
tion fibrosis and calcification and the role of an inn bacterial 
drug is that of blocking the paths for extension of the disease 
while these healing forces are operating * 

In human beings tuberculosis is much more complicated 
and resistant to treatment with an antib otic agent than in 
animals The infecuon is often of long duration for the germ 
is well adapted for the battle against the defense forces of the 
organism The value of streptomycin is its ability to help the 
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defensive forces without causing any damage to die tissues 
and organs. 

In their recent review of streptomycin therapy in tubercu- 
losis Drs. Karl H. Pfuetze and Marjorie M. Pyle stressed the 
fact that this drug “is accepted as the most effective treatment 
known for ulcerative lesions of die larynx and tracheobron- 
chial tree " 10 In some cases they were able to arrest tubercu- 
losis of the kidney for more dian tv. a years However, they do 
not claim a permanent cure of this deadly disease And the 
drug proved of some help in tuberculosis of bones and joints. 
“In the treatment of pulmonary tuberculosis," diey stated, 
“the necessity for careful selection of patients must be empha- 
sized. We believe," they continued, “that streptomycin should 
not be used m minimal pulmonary tuberculosis, or for any 
other tuberculosis condition for which other satisfactory treat- 
ment is available." 

The drug is of considerable usefulness when a tuberculous 
patient is operated upon Drs Edward J. Beattie and Brian 
Blades pointed out that “streptomycin is a valuable adjunct 
in die surgical treatment of pulmonary tuberculosis The im- 
mediate complications are decidedly reduced" Even when 
the case was very grave and the surgical operation was a des 
perate risk, still, due to the help of streptomycin therapy, 
there were no deaths 11 

While m chronic tuberculosis of the lungs the results are 
not always satisfactory , streptomycin therapy often produces a 
dramatic effect m tuberculosis of the larynx and ear. 

“The response to streptomycin in tuberculous laryngitis 
was almost miraculous,” said Dr. Rufus F Payne, Superin- 
tendent of the Battey State Hospital in Rome, Georgia, in 
his report on six hundred fifty tuberculous patients treated 
with the drug. 

“Patients have been enabled to talk in normal tones, even 
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though they had not spoken except m a whisper for three 
years . We have oilier patients who have not been able to 
swallow small amounts of water Within three weeks after 
they started taking streptomycin, they w ere eating a normal 
diet, completely free of pain ” 

Streptomycin seems to be most effective in recent and acute 
infections Wien the germ is very active and aggressive but 
die orgamsm offers stubborn resistance to the bacterial jnva 
sion, the drug can render invaluable service to the patient 
This fact was emphasized m the recent report of Uie Clinical 
Subcommittee of the Committee on Medical Research and 
Therapy of the National Tuberculosis Association 

' Streptomycin appears to be most effective, ’ the report 
stated, ‘ in the treatment of recent, acute, fairly extensive and 
progressive pulmonary tuberculous lesions Its use is parucu 
Iarly recommended in the treatment of tuberculous pneu 
moma The drug should not be used for a period longer 
than two to four months A longer application of the drug 
may reduce its usefulness For this Tcason u should be admin 
istcrcd in emergency cases when the infection is progressing 
rapidly and the danger is acute ‘ It is imperative that strep- 
tomycin be used for a period during the course of the disease 
when the greatest benefit can be expected The Commit 
tee looks with disfavor on the practice of utilizing strepto- 
mycin prior to institutional care ’ By this tliey mean that 
other therapeutic measures should be taken prior to the ad 
ministration of the drug 

In types of tuberculosis where heretofore medical saence 
could offer neither help nor hope, the mem of this drug is 
particularly significant. In cases of miliary tuberculosis when 
the germ is spread by the blood stream into every organ of the 
body, when the infection is generalized and often attacks 
the most vital organs, such as the brain, where the infection 
has been 100 per cent fatal streptomyan offers some hope. 
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even a chance for recovery Although the drug itself does not 
effect a cure in these grave forms of tuberculosis it gives the 
defense forces of the organism an opportunity to fight for life 
again The figures so far available indicate that about half 
the cases affected with miliary tuberculosis have received a 
new lease on life They are not cured, but do have a chance 
to survive, and gradually to conquer tins terrible disease 
“There is no doubt that streptomycin has saved and pro- 
longed hundreds of lives concluded Dr Payne 

On the other hand, * Streptomycin is not to be regarded as 
a substitute for other and proved effective forms of treat- 
ment of tuberculosis (Hmshaw) ,a It should be used as a 
supplementary*, often powerful, therapy in conjunction with 
all present methods of treatment 
Unfortunately, the tubercle bacilli rapidly acquire resist 
ance to this drug And that is one of the greatest handicaps in 
streptomycin treatment of tuberculosis Dr M Pyle of the 
Mayo Clinic found that tubercle bacilli isolated from patients 
before they were submitted to this treamtent differed consid 
crably in their tolerance to the destructive action of the drug 
Drs You mans and Wilhston of Northwestern University cor 
roborated this finding Of fifty seven cultures of tubercle 
bacilli isolated from patients they found that nearly half (43 5 
per cent) were considerably resistant to the action of strep- 
tomycin Some of these genns were so resistant that even as 
high a concentration as 100 units per cubic centimeter was 
not capable of inhibiting their growth The peculiar ability 
of the bacilli to become resistant to streptomycin may account 
for the number of failures in the treatment of tins infection 

STREPTOMl C7 V IV UVD ULAN T FEVER 
A farmer living in southern Maryland complained of fa 
tigue, sweating, stomach-ache, and severe headache A well- 
developed man in his early forties, he displayed no apparent 
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symptoms of any illness In fact, lie Mas inclined to disregard 
his condition, stating simply that he Mas "a little damp," 
and mentioning briefly that he had * neuralgic headaches 
and stomach upsets Only under the physician's queries did 
he admit that his severe faugue had persisted for many 
months, that he had had a stiff elbow for a month or tno 
with no swelling or redness, and that he had suffered re 
peated headaches in the mornings. His sexual desire had 
lessened He liad a slight fever, his temperature ranged from 
gp to ioo° These conditions had existed for about a year 
before he consulted the phvsician His blood culture yielded 
a germ known as Brucella sms A diagnosis was made of un- 
dulant fever, otherwise brucellosis He Mas treated with 
streptomycin combined with sulfa drugs and according to 
the report by Drs H C Hams and P C Jett, promptly 
recovered 15 

In tins country alone about 60000 people succumb to 
brucellosis every year Until now, no specific and effective 
treatment uas known Although the infection as a rule is not 
dangerous, it is persistent and in acute cases may be fatal. 
Edsel Ford was killed by undubnt fever 

Hom does one contract this infection? In most cases the 
person docs not even know the origin of his illness the 
germs are present in the milk of cows infected tilth brucel 
losis If the milk has not been pasteurized the diseise m3) 
be transmitted Even from touching a goat, a hone a com, or 
a pig which has tins disease, there may be a possibility of get 
ung brucellosis 

Also known as Bang s disease, brucellosis causes infectious 
abortion in the com, goat, or sou It is characterized by an 
inflammatory condition of the female reproductive organs, 
winch results in the expulsion of the immature young Sir 
David Bruce, British medical officer, first discovered the 
germ 
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There are various types of brucella Most common m this 
country is Brucella abortus, which attacks calves, also Bru 
cella melttensts which is found m goats and, when transmit- 
ted to man, causes Malta fever The third type of brucella 
was recovered from swine by Traum, and is called Brucella 
suts The Maryland farmer was infected with this last type 
of brucella which he had probably caught from his pigs 

When streptomycin was discovered, medical science won 
dered whether it might be used for the treatment of undu 
lant fever But, as usual m such an investigation, animal 
experiments had to precede application of the drug to human 
beings That is the law of modem medical science To test 
the germ of brucellosis on mice or guinea pigs would be a 
long and costly procedure A simpler technique had to be 
found Waksman and his associates at Rutgers University 
developed an amazingly ingenious method for testing the ef 
ficacy of streptomycin against the undulant fever germ 

Using fertilized eggs containing seven day cluck embryos 
they injected a fresh culture of bmcelh (Brucella abortus) 
taken from a human patient suffering from undulant fever 
into the embryo (via the yolk sac) 14 Uniformly, all the cluck 
embryos became infected. The microorganism destroyed 
them with the accuracy of a stop watch Half the embryos 
were dead within six days in nine days all had penshed 
Thus the scientists established a test of high accuracy If a 
drug could prevent the death of the chick embryos infected 
with brucella, it would have the power to arrest or destroy 
the germ 

Accordingly, shortly after new cluck embryos were in 
fee ted., they injected streptomycin The embryos survived. 
However, when they were examined bactcriologically, the 
germ was found not dead the embryo liver was full of hung 
and active brucellas Streptomycin had arrested the deadly 
march of the germ but was unable to destroy it altogether 
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Thus this drug although oE some efficiency against brucella 
was shown to be not powerful enough to treat undulant 
fever successfully For tins test on embryo chicks paralleled 
the results which would have been obtained in human 
patients 

In the search for a measure which would increase the ef 
fccmencss of streptomycin against undulant fever germ the 
scientists decided to use a combination of streptomycin and 
sulfadiazine It had already been established that sulfadta 
zinc when injected into an infected duck embryo produced 
a beneficial result similar to that of streptomycin 13 Sulfa 
diazine did not eradicate the infection but was capable of 
prolonging the life of die chick embryo The combined 
streptomycin sulfadiazine therapy gave excellent results 
■When a proper dosage of both drugs was used all the germs 
in the embryo were destroyed and the infection annihilated. 
Thus a new treatment of undulant fever based on precise 
scientific findings was offered to die medical profession 

An important center of investigation of brucellosis is die 
Hospital of the University of Minnesota Medical School tn 
Minneapolis There Dr Wesley W T Spink and lus associates 
of die Dmsion of Internal Medione have been working on 
undulant fever for more than ten years They have tried every 
possible new method or remedy anyone has suggested to fight 
this infection Recently they reported the results of dicir 
clinical investigation of the combined streptomycin sul 
fadrmne therapy They treated a number of patients suffer 
ing from an acute form of brucellosis and had excellent re* 
suits They administered streptomycin intramuscularly m 
doses of o j gram every six hours for seven days Simultane- 
ously they gave the patients one gram of sulfadiazine every 
four hours for at least two and preferably diree weeks. Sum 
manzing the resuiu they concluded "The combined use of 
streptomycin and sulfadiazine in the therapy of patients with 
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either acute or chrome brucellosis has yielded more satis- 
factory results than has been previously obtained m tlie Uni 
versity of Minnesota Hospitals The results are particularly 
encouraging, since die treatment was effective m comphca 
uons of brucellosis suclt as subacute bacterial endocarditis 16 

There is, however, one obstacle to this combined therapy 
Streptomycin is relatively harmless It does not destroy red 
bloods cells, nor does it damage the liver or the kidneys Yet 
« has been known for some time that tins drug exercises 
some toxic effect on the eighth cranial nerve of the brain 
Vertigo and other manifestations in the nervous system of the 
patient receiving streptomycin are explained by die peculiar 
effect of tins drug on the eighth nerve Some physicians (T 
Hunnicutt M Finland and others) reported grave comphca 
tions when streptomycin was injected into the cavity of die 
spinal cord 

Rccendy, Drs Horman McCullough and C W Eisele en 
countered grav e toxic reactions m sev eral cases of brucellosis 
treated with streptomycin and sulfadiazine One of these 
cases was truly disappointing 

A young woman while working on brucellosis in the Navy 
Research Laboratory m 19 15 caught the infection She be 
came gravely ill and her ailment was diagnosed as Brucella 
suts septicemia The germ had penetrated into the blood 
stream and caused blood infection The initial illness was 
severe and of long duration During the next year she was 
completely disabled, complaining of persistent fatigue, re 
current headaches, and multiple joint pains She was unable 
to sleep and her memory lapsed She was admitted to the 
hospital and simultaneously was given streptomycin and sul 
fadia2ine During the second day of the therapy she pre 
sented alarming symptoms of central nervous system dis- 
turbance Semistupor, weakness of eye muscles blurring of 
vision, and trembling of the lips were manifested The strep- 
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tomycin therapy iru halted lor one week and the sjjtnptomj 
gradually subsided When a new attempt was made to give 
streptomycin similar symptoms recurrccL 

The doctors trying to explain the severity of toxic reaction 
in tins combined therapy, were inclined to conclude that 
the combined use of the drugs increases the toxicity as well 
as the clinical effectiveness of streptomycin IT 

STREPTOMVCIN IN BLOOD INFECTION MENINGITIS 
AND PNEUMONIA 

There are some cases of blood infection where penicillin 
does not help Fortunately, such cases of septicemia are rare 
The bacteria belonging to the Gram positive type, such as 
streptococci staphylococci and many others arc subject to 
the destructive action of penicillin The bacteria of the 
Gramnegauvc type are as a rule resistant to penicillin 
Herein lies the importance of the discovery of streptomycin 
For this drug vs Inch has only a moderately destructive action 
on bacteria of the Grim positive type is quite effective 
against many of those germs which penicillin is powerless 
to destroy 

A young actress was admitted to the hospital She had fever 
with temperatures as high as 104 105®, and complained of 
severe headaches Her case was diagnosed as septicemia com 
plicated by meningitis Blood cultures revealed that the 
patient was infected by Escherichia colt Her illness had be- 
gun with a mild infection of the bladder She had paid little 
attention to it when one day after catching cold her tem 
perature suddenly rose to 10 and stayed there for several 
days She was treated with streptomycin given intramus- 
cularly as well as mtrathetically and gradually recovered 
from this serious almost fatal infection 
Meurngiuv. earned, hv a. GcamaejxtAve e^e at bacteria 
which heretofore offered little chance for recovery in many 
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instances responds to streptomycin Keefer and his asso- 
ciates oE Boston Hospital reported that out of one hundred 
cases of influenzal meningitis, 80 per cent were cured by 
streptomycin therapy 18 The same doctors treated sixty nine 
patients with blood infection caused by Gram negative 
bacilli, and obtained good results in more than half the cases 
In the majority of cases of pneumonia, penicillin is very 
effective But there are some types of lung infection which 
are caused by a germ known as Klebsiella pneumoniae. 
Against tlu$ bacteria penicillin is powerless Here again, 
streptomycin may help Drs C A Bishop and R F. Ras- 
mussen obtained good results by treating this lung infection 
loth streptomycin The dose should be relatively large, not 
less than o 5 gram given every three hours for as many days 
as is necessary to eradicate the illness 18 
The whole pattern of antibiotic therapy in pneumonia 
seems to point to a combined application of these drugs In 
many acute or chronic infections more than one germ may 
be the causative agent In order to achieve rapid results and 
to prevent spreading of the infection, many physicians are 
already inclined to prescribe a combination therapy of two 
or even more, antibiotic substances In many instances par 
ticularly in the infections of the respiratory tract, penicillin 
is supplemented with sulfa compounds or streptomycin or 
even with both of these drugs Often in everyday practice 
the general practitioner is unable to make a blood culture 
and establish definitely which germ has caused the infection 
Yet time is a decisive factor in the success of the treatment 
So long as the drugs are of low toxiaty, and more or less 
harmless, die doctor feels that lie should administer a com 
bination of the two drugs in order to be sure that at least 
one will be effective against the bactena When a country 
doctor attends a pauem who manifests symptoms oE pneu- 
monia, what should he do? It may be two or three days 
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before a blood test can be made to determine which type of 
germ is responsible Since time is of the essence particularly 
when the patient is no longer young, he gives a combination 
of penicillin and streptomycin 

STREPTOMYCIN IN TULAREMIA 

A young biological scientist working m the genetic 
laboratory of one of the universities in New York tried to 
mate a wild male rabbit with a female white rabbit. Quite 
suddenly the male animal died and the biologist was unable 
to determine the cause A few days later he himself became 
ill Strong chills and a fever of 103° or more were followed 
by a swelling of the glands At first the doctor was puzzled by 
tiie symptoms but a blood culture revealed the Bacterium 
tularense, which causes the infection known as tuhrcmia 

Tularemia is an acute infectious disease of rodents tram 
mitted to man by insect bites or by contact with infected 
animals as m the case of the biologist In this country, wild 
rabbits are the mam source of infection ticks and deer fites 
transmit it rortunarelv dns disease is relatively rare alto- 
gether, only i few thousand cases have been reported in the 
United States 

Rodents cannot withstand this bacteria and die infection 
usually kills diem quickly Man on die other hand has con 
stdcnble resistance to the infection which is usually mild 
yet often distressingly chronic In some respects dm disease 
resembles tuberculosis, nidi the development of numerous 
typical lesions which are gradually healed by the formation 
of fibrous substances Bacterium tularense is such a small 
microorganism that it can penetrate unbroken human skin 
Contact with die infected animal may be sufficient to trans 
mit the infection Although only a very small percentage of 
the persons infected actus)}} die the disease may persist for 
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many months, or even years, and may recur No efficient cure 
was available for tularemia until it was found that strepto- 
mycin was capable of destroying the germ This drug is a 
most effective remedy and, m fact, cures nearly every case 
Dr Abraham M Gordon, of the Uni ted States Army Medi 
cal Corps, had an interesting case of tularemia which he 
treated successfully with streptomycin 
A Navy man was admitted to the hospital, complaining of 
headache and stiff neck His illness had started about six days 
before, when he came down with chills, fever, and malaise* 
The patient explained that a few days before the onset of 
the illness he had been hunting in Kentucky and had shot 
forty five rabbits He dressed six of them with his bare hands 
and the following day had a rabbit dinner The patients 
brother m law, who had helped dress the animals was ad 
muted to a hospital on the same day with similar symptoms 
The blood cultures disclosed the germ of tularemia. Ap- 
parently one or more of the rabbits had been infected, or at 
least were bearers of the germ 
Immediately upon admission the patient received pern 
allm and sulfadiazine, but lus temperature remained high, 
and there was no improvement After the diagnosis was es- 
tablished the patient was given streptomycin in large doses, 
about one million units per day The next day his tempera 
ture dropped to 96° and remained at a low lev cl for two day's 
No more streptomycin was available at that time, and shortly 
afterward the patients temperature rose to 105° Wien a 
fresh supply of the drug arrived, the treatment was continued 
for another sj.\ days This time there was a complete recovery 
This case is very typical indeed, for while neither penicillin 
nor surfa drugs brought relief, the patient was promptly cured 
by streptomycin Other cases of tularemia have also been 
treated successfully with streptomycin Dr C S Keefer and 
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his associates reported sixty three recosenes due to strepto- 
mycin therapy out of sixty scsen cases oE tularemia To date 
this drug is die best remedy known for this infection 10 

STREPTOMYCIN LN PLACE E 

There was a time when plague was considered the greatest 
epidemic disease It was the most dexastatmg the most fatal 
For centuries it held the population of Europe m deadly 
terror There was no cure and die only presemauve meas- 
ure seemed to be die isolation of die diseased persons from 
the rest of the population Plague still remains the bane of 
die population of India Although saccination against it 
(Besredkas method) has been used extensnely and conse 
quently has reduced considerably the danger of widespread 
epidemics here and there plague outbreaks still occur m 
present-day India Such an epidemic took place recently in 
the Madras pros nice and for die first time in die history of 
this disease effeeme treatment with streptomycin was re- 
ported by the local physicians 

Less than two years ago Dr Karl Meyer of the Unncrsity 
of California treated mice infected wuh the plague bacillus 
wridi streptomycin He reported that he was able to control 
the infection in about go per cent of the animals The mice 
had suffered from die most deadly form of die disease called 
pneumonic plague 

When the outbreak occurred in India a large supply of 
streptomycin svas sent there Recently, the first report on 
these cases appeared in the British medical journal. Lancet 21 
Scsenl patients mostly young people were actually dying 
from this terrible disease There seemed to be no chance to 
save them Their temperatures ran as high as 106 5 0 accom 
panted by swollen glands a typical svmptom of this infection 
In fact they were already tn a semiconscious stupor The 
cause of their illness was established by bacteriological ex 
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animation First, sulfa drugs were given, for there hid been 
some inconclusive reports from China that they might con 
trol the infection However, the sulfa drugs did not help the 
patients at the Hindupur Plague Hospital m Madras, India, 
so Drs P. V. Karmchandi, Anantaour medical officer, and K. 
Sundar Rao, chief physician of die hospital decided to try 
streptomycin 

The effects were striking Within forty-eight hours after 
the first injections the patients regained consciousness and 
showed signs of improvement Recovery was rapid and 
dramatic, as though the dead bad been resurrected No doubt 
was left in the minds of die Indian physicians, for they con 
eluded m their report, ' Streptomycin appears to be a potent 
drug for the treatment of human plague ’ 

In his article 4 Modem Therapy of Plague (JAMA., 
1950) Dr K F Meyer stresses the usefulness of streptomycin 
m the treatment of plague It has dramatically reduced the 
mortality in both bubonic and septicemic plague and is most 
effective in pneumonic phgue Streptomycin should be given 
m large doses (4 grams daily) for several day's The drug is 
not effective, however, in all cases of this infection 

STREPTOMICIN IN INTESTINAL AND URINARY TRACT 
INFECTIONS 

A girl of ten was admitted to the hospital in a very grave 
condition, with a ruptured appendix She had been suffering 
from chronic appendicitis for many months, perhaps for 
years While engaged in a game with her schoolmates she fell 
on her abdomen Her fall caused the appendix to break, and 
in a few hours peritonitis dev eloped. When she was examined 
at the hospital it was found that the infection of die pen 
toneum of her intestines was caused by the bacillus 
Escherichia cob, a microorganism which is often responsible 
for tins condition Since Escherichia colt is very sensitive to 
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streptomycin the patient was given heavy doses of die drug, 
not only intramuscularly, but around the area of infection as 
well The results were astonishing Her temperature went 
down within two days from 105° to almost normal After ten 
days of intensive treatment with streptomycin a complete 
recot cry was effected 

Not long ago peritonitis was one of the gravest complies 
uons in intestinal infections and in many instances ended in 
death Infection of the peritoneum is most often caused by 
Gram negative bacteria which mates streptomycin such a 
promising agent for the treatment of this ailment Keefer and 
his associates have reported that out of fifty three cases of 
peritonitis so treated for ten days or more thirty nine patients 
have recovered Seventy five per cent of die cases were sue 
ccssfull) treated an enormous accomplishment in comparison 
with the high mortality rate for untreated peritonitis 05 

Several attempts have been made to give streptomycin to 
typhoid fever pauepts So far the results are neither con 
elusive nor encouraging Keefer el al reported that they 
treated fifty one cases of typhoid fever with streptomycin and 
observed some improvement, but the course of die disease 
was not changed in spite of the very large dosage of the drug* 
four grams per day given intramuscularly for seven to nine 
consecutive days However L Ruts tern and his associates 
arrived at the conclusion that if die drug was given bv mouth 
better results might be obtained M 

Streptomycin is beneficial when used m the treatment of 
grave complications such as septicemia pneumonia or pen 
tonitis when these infections are caused by the Eschenchta 
Salmonella group of bacteria 

STREFTOVlVCtN IN GALL BL VODER INFECTIONS 

Gall bladder infection vs a common disease among jVmer 
leans particularly among women Many factors contribute 
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to the situation, among diem wrong diet and the tensions of 
modem life In the past, the treatment of cholecystitis (in 
flammation of die gall bladder wall) was prolonged and not 
always successful Often surgery was unavoidable However, 
with the discovery of penicillin and streptomycin the pros 
pccts in the treatment of gall bladder infection appear much 
brighter Both of these drugs tend to accumulate m high 
concentration in the gall bladder, whether given by mouth or 
by injection If infection of the gall bladder is caused by a 
germ which is vulnerable to these drugs die infection 
promptly disappears 

A New York doctor recendy reported the case of a woman 
of forty nine, who was very stout and who had been suffer 
ing from inflammation of die gall bladder for a number of 
years However she refused to undergo an operation al 
diough she had frequent and painful attacks One day she 
became ill with an acute throat infection and ran a fever of 
105° She was given penicillin together with streptomycin 
in large doses She recovered promptly from her diroat in 
fecuon 3 nd curiously enough from that time forward die 
symptoms of her gall bladder infection also disappeared 

Since gall bladder infections are often caused by Gram 
negative bacilli streptomycin is highly regarded by the raedi 
cal profession for the treatment of this ailment. Two years 
ago C S Keefer and his associates reported six cases of 
cholecystitis which responded favorably to streptomycin Dur 
ing the past year more data has accumulated indicating 
promising results with this therapy Many a chronic sufferer 
from gallbladder disease may get welcome relief with tins 
drug 


STREPTOMYCIN IN LOCAL APPLICATION 
The usefulness of penicillin in ointment has been proven 
in a number of cases of skm infections. Only recently was 
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sireptomy cm investigated in local application Drs Leon 
Goldman and Milton D Teldman, from the Department of 
Dermatology and S> philology, University of Cincinnati Med 
ical School briefly summarized their results To date they 
s3id streptomycin lias been obsened to be of value in super 
ficial infections with organisms which arc sensiuve to the 
drug These types of infections include of course impetigo, 
pustular folliculitis ecthyma and nonfungus external otitis 

These imestigators also pointed out that in some cases 
streptomycin like penicillin may produce a skin irritation 
like cczematoid dermatitis In one case a young man dc- 
\ eloped an acute dermatitis as a Tesult of applications of 
streptomycin ointment to an ulcerative area of the skin Hut 
such cases seem to be exceptional a large number of patients 
were treated with streptomycin ointment with good results 
and without causing additional skin irritation 

THE LIMITATIONS OF STREPTOMYCIN 

As clinical evidence accumulated it became dear that 
streptomycin is of comsderable toxicity In some instances 
the tision of patients treated tilth this drug manifested some 
impairment A condition known as scotomas fa dark spot in 
the visual field) developed m a number of tuberculous pa 
uents according to the report of Dr E B Thomas There 
was vague blurring of vision in some treated patients. Tins 
condition remained for several months after the treatment 
was terminated A permanent deafness might occur as the rc 
suit of streptomycin therapy and did occur in a number of 
cases Dr V de klcyn and Dr J B van Deinse demonstrated 
that this drug affects the vestibular system of the internal car 
Streptomycin appears to exercise a paralyzing influence on 
the central vestibular nuclear area The toxic reaction of pa 
uents to streptomycin might be so great that encephalitis 
(an mflammauon of the brain) might develop There are sev 
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eral cases of death from encephalitis caused b> intramuscular 
injections of streptomycin (Campanacci) Because of its toxic 
it) and the rapid development of bacterial resistance, strepto 
my cm is being supplemented by other antibiotics, more ef 
fective and less toxic Tuberculosis remains die principal 
disease for which streptomycin therapy is indicated (Kirby) 
In plague, where its toxicity is of secondary importance, it 
still remains die drug of choice Urinary tract infections due 
to Pseudomonas aeruginosa and Bacillus proteus are possibly 
still best treated with streptomycin which is also used in 
combination with other antibiotics in enterococcic endocar 
dins Although effective m undulant fever, tularemia and 
salmonella infections, streptomycin is nevertheless repheed 
by less toxic antibiotics 

In spue of its limitations streptomycin has rendered enor 
mous help m our fight with tuberculosis and man/ thousands 
of human lives have been saved by its application in this 
disease 

NEOMV CIN 

Dr Selman Wakstnan the discoverer of streptomycin, soon 
became aware that this antibiotic, in spite of its potcntiali 
ties, is not the solution for the successful treatment of tuber 
evdosts In his article (Science, March 25, igjg) be admitted 
that the problem of development of resistance remains as 
die major limitation of this antibiotic, especially m the treat 
ment of tuberculosis For some time, lie and his associates 
have been searching for a mold which can produce a sub- 
stance more effective thin streptomycin as far as tubercle 
bacillus is concerned It was only natural that he should di 
rect his attention to the same group of molds to which Strep 
fomyces grtseus belongs The amazing fact is that many 
strains and species of the genus Streptomyces produce sub- 
stances detrimental to tubercle bacillus 

Dunng the last ten to twelve years many hundreds of cul 
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cures, mostly belonging to the genus Streptomyces, were iso- 
lated by Wa^sman and Im associates from sod, composts, 
peats and other natural substrates AH of them were tested 
for their activity against different bacteria Unfortunately 
only a few of the antibiotics produced by these microorgan 
isms proved to be suitable for therapeutic application Some 
were too toxic, others not sufficiently powerful Only strepto- 
mycin answered the requirements of a nearly ideal antibiotic 
Cut recently Drs Waksman and Hubert A Lechevaher an 
nounced the discovery of a new antibiotic which has, accord 
mg to them, stronger activity than streptomycin against the 
tubercle bacilli which are resistant to this drug They called 
it Neomycin The organism producing this substance was 
isolated from the soil and was identified as Streptomyces 
frtultae Neomycin lias a broad antibiotic spectrum and is 
active against a variety of gram positive and gram negative 
bactena It is not active against virus and fungi Neomycin 
was tested against Mycobacterium tuberculosis The results 
were impressive Tor this substance was more active than 
streptomycin against tubercle bacilli As small a dose as o i 
unit inhibited the growth of the bacterium Moreover, the 
strain of tubercle baalh known for its resistance to strepto- 
mycin (607 R) was inhibited by a slightly larger unit (025 
unit) of neomycin It appears to be of low toxicity to animals. 
However, the clinical evidence so far available, gave no mdi 
cation of the superiority of neomycin over streptomycin as 
far as therapeutic effect was concerned 

ntADICIN 

There is a peculiar paradox tn the production of anubi 
otic substances by molds Not unlike some bactern, which 
are able to produce a substance which kills other bacteria, 
some molds seemingly are able to manufacture a substance 
which destroys other molds We call such an antibiotic sub* 
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stance fungiadal or antifungal While working with neo’ 
mycm Dr E A Swart and associates of Rutgers University, 
found that 30 to 70 per cent of its activity is due to what they 
call ‘ factor X Analyzing and testing tins factor they ar 
rued at the conclusion that it was actually a complex, com 
posed of two different substances One of these substances 
possessed the properties of neomycin, and was effective 
against bacteria The other substance however was inactive 
against bacteria but very active as far as some fungi were 
concerned It inhibited the growth of Pcnicilhum notalum 
Fradtan is a light tan powder slightly soluble in water and 
quite stable at high temperature It 1$ believed that fradicin 
might be useful against some diseases in plants and cattle 
caused by fungi However, no data on Ons subject arc as jet 
available 

The discovery of Swan and associates is not entirely new 
For before them Cun Leben and G W Keitt isolated from 
Streptomjces a substance named anttmycm, which is effec 
uv e as a protectant fungicide in controlling apple scab But 
neither of these two substances fradicm or anti my cm seems 
10 be effective against mans pathogenic fungi A number of 
fungicides were isolated from plants Thomas Sproston and 
associates extracted such a substance from Cucumis Tro- 
paeolum and other plants while Bons Sokotoff isolated a 
fungicide (tillandsnnm) from Spanish moss but none of these 
substances seem to have therapeutic value in the treatment 
of human fungal diseases 

Tins important field is still only slightly touched on by 
investigators of antibiotics 
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Actmomycin and Streptothncin 


Once scientists had nothing but cunes for the lov.1) molds 
that alighted on their agar plates Today in the bactertologtcal 
laboratories tire situation is quite different A mold-contami 
nated plate is treated royally It is pampered and catered to 
fed the best food examined and tested Every scientist hopes 
that by luck perhaps another penicillin bearing mold way 
fall into his hinds The chances strictly speiking are slender 
The odds are a thousand to one or perhaps esen greater But 
tliCTC is a pleasant fascination to this pastime 
The Oxford workers hate long been excited by tins pursuit, 
and like hundreds of their colleagues ire still on the trad 
of unknown therapeutic molds Once during i routine in 
spection of some agar phtes they found a contaminating 
colony of mold The brown discoloration of die medium at 
traded the attention of Drs Cham and Gardner pioneers in 
the field of antibiotics They analyzed the wold thoroughly 
subjecting it to vigorous tests The captured mold exerted 
a strong germ killing effect in die test tube and looked like 
an aciinomyccs i mold bacterium They classified it as be- 
longing to this group It gret* rapidly at a temperature of 
iqG 
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z\° C and much more slowly at a higher temperature, seem 
ing definitely to prefer a coot environment 

Experienced as they is ere the British scientists had no 
difficulty m extracting the substance that destroyed the 
germs It was a white powder, easily soluble m water, and 
much more stable than penicillin The yield from one liter 
of the culture fluid m which this organism grew was almost 
three times greater than the yield from the best culture of 
Pemcillium The mold was apparently a much more active 
manufacturer of its drug than the famous Fleming mold 
The drug xtself—called proactinomycin— l. died streptococci 
m a dilution as low as 1 1 500 000 These facts w ere promis- 
ing But the tests on animals were a gTeat disappointment 
Fne milligrams of the substance was sufficient to kill a mouse 
almost immediately The new drug was so toxic that clinical 
investigations were not eten attempted The Oxford scien 
tists recognized that it could hardly be utilized for human 
needs 1 

Dr Wahsman now famous for his discovery of strepto- 
mycin more than once had similar experiences One day he 
and Dr H B Woodruff came across an acunomyces a mold 
bacterium which proved strongly antagonistic to germs but 
was of a new species They called it A ctmomyces antibioticus, 
meaning that it affected adversely the norma! life of bacteria 
When it grew, it did not produce the black brown color 
characteristic of some moldbactena but remained a faint 
yellow in color This microorganism manufactured not one 
germ-destroying drug but two and perhaps more substances 
each exercising a deadly effect upon microbes One of them 
merely impeded the multiplication of certain germs the 
second was capable of destroying them directly in a manner 
similar 10 some antiseptics 

Acttnomyctn A was an orange pigment soluble in ether 
and alcohol Acttnomyctn B was a colorless substance in 
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soluble in water In the test tube acunomycm A was bac 
teriostatic, not killing the germs directly but inhibiting their 
growth Actinomyan B was definitely bactericidal and killed 
die germs directly Hon ever, for all their qualities as power 
ful germ killers both drugs hate been prosen quite harmful 
to animal organisms Then toxicity is so great that no 
clinical investigation was ever initiated They remain testi 
mony to die obstacles with which the scientist is confronted 
in searching for a new miracle drug A tremendous amount 
of energv and umc and money were imested by die scientists 
at Rutgers before it became clear that die substances they 
had isolated had no dicnpeuuc \alue 
To laymen such disappointing experiences might be crush 
ing To spend two or thiec years of intensive work only to 
prove that a discovery is of no practical value seems tragic 
But a scientist who honestly believes in the value and prog 
ress of research is always prepared for such failure Indeed, 
from a scientific point of view it is not a failure The nega 
me results arc also valuable and important No discovery', 
whether it brings practical results or not is ever a loss Its 
value lies in die extension of our knowledge of die world of 
bacteria which is far from complete 

The story of a Russian scientist will illustrate the cxperi 
cnees a scientific worker may undergo only to arrive at an 
impasse Five years after Dr Fleming discovered penicillin, 
a woman bacteriologist at die Moscow Institute of Lxpcn 
mental Medicine stumbled on a strange phenomenon A 
tube filled with peptone broth and left on the laboratory 
shelf had turned brown black Wliv 5 asked Dr M I 
Nakhimov skaia Normally tins tube vs h tie containing dis- 
ease-producing germs Ttmamed unchanged in color for days 
or weeks Obviously it had been contaminated by a micro- 
organism Even to the naked eye it was plain dtat a mold like 
organism infected the tube 
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Cxamintng the contents more closely, the doctor was 
amazed to find that the peptone broth was almost completely 
free of disease producing germs Somehow die germs had 
been destroyed, the bottom of the tube was filled with the 
decomposedbodiesofmillionsof dead germs Dr Nakhiraovs- 
kaia at once suspected that the mold which had invaded die 
culture medium had billed the germ colony It took con 
siderable time to support her suspicions She isolated the in 
vader and subjected it to a careful examination There was 
no difficulty m recognizing it as a mold bacteria belonging to 
the same group that Dr Waksman had been studying the 
actinomyces 

Like Dr Fleming, die Russian woman scientist had to 
sohe the mystery of die dead germs Again and again she 
placed the mold in a test tube where germs were thnung 
and multiplying, only to be thoroughly cominced that there 
was no mistake about her first observation This mold was 
easily capable of destroying disease producing germs 

Having proved the destructive power of die mold bacteria 
she reversed her experiment The second step was to leam 
if all germs were equally susceptible to this germ killer It was 
painstaking and time-consuming work for a single person 
She submitted various types of germs, one after the other, to 
the deadly action of the mold She found no uniformity in its 
action "While streptococci and staphylococci died quickly in 
the presence of her mold bacteria, others like the Gram 
negative bacilli succumbed slowly, as though they had the 
power to TCsist the destructive action of the mold Also there 
were many types of germs which seemed completely indif 
ferent to the presence of the mold, and continued to live 
and thru c 

The Russian bacteriologist no longer doubted that the 
mold she had captured produced an antibacterial substance 
The question that concerned her now was the chemical 
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nature of the substance Her first thought ms that the 
brownish pigment formed in the tube might be the mys- 
terious germ killing agent Examination of the pigment dis- 
closed that it placed an important part in the formation of 
antioxidant substances Perhaps this pigment causes the 
death of germs by interfering with their respiration she 
reflected Her reasoning seemed logical for germs like other 
hung cells need oxygen for their respiration and for the 
digestion of tlietr food a constant oxidation must go on IE 
something in their medium interferes with their norma! con 
sumption of oxygen would they not die of asphyxiation? 

Dr Nakhimov skaia soon proved her ou'n assumption to 
be wTong The substance she hid isolated although very 
effective against some genns in the test tube did not inter 
fere with the consumption of oxygen It behaved like many 
other antibiotics in fact resembled penicillin Next the 
Russian scientist decided to investigate the other mold bac 
teria in order to find another mold which possessed the 
same or greater capacity to destroy germs It was a gigantic 
task for there arc more than a hundred known species of 
Actinomyces Each mold must be located classified then 
cultivated and afterward tested for us power to kill or to 
inhibit germs Nothing daunted the Russian woman saen 
tist did not hesitate to embark upon this length} inv estigauon 

Together with a colleague another woman bacteriologist, 
she examined fully eighty species of Actinomyces over a 
period of three years The results of their findings were as- 
tonishing and perplexing They disclosed that more than 
half of the actinom} ces they investigated were actually ca 
pable of producing some antibacterial substance Forty seven 
of the eighty species of mold bacteria manufacture sub- 
stances which inhibit, at least to some degree the growth of 
disease-producing germs The chemical nature and structure 
of these substances was never so far as we know mvesti 
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gated and determined. Their toxicity to animals was never 
tested. And the investigation was limited to the testing of 
these antibiotic agents only in the test tube. This work was 
published in 1939, long before penicillin was recognized by 
the medical profession and acclaimed as the most important 
discovery of the century. The work of Nakhimovskaia went 
unnoticed by the medical profession as a whole, and by 
scientists working in the same field. Nowhere was there avail- 
able a reference to the investigation, or to the bacteriologist 
or to the work she had performed. But from the brief de- 
scription of the substances she had isolated from the mold- 
bacteria, some of them were apparently very similar, if not 
identical, to the actinomjcin of Dr. Waksman. 

Thirty-three years ago Drs. Waksman and Curtis described 
a mold-bacterium which they named Actinomyces laven * 
dulae. 'What became of this mold is not known. In all prob- 
ability, it was lost somewhere in Dr. Waksman’s laboratory. 
In 1942 this mold, or at least an identical mold, was recap- 
tured by Dr. Kocholaty. The microorganism grows rampant 
in the soil near trees. When Dr. Waksman investigated the 
organism in the test tube he was impressed by the fact that 
the substance produced acted very much like streptomycin. 
He named the drug slreptothncin and immediately sub- 
jected it to various tests. This substance proved highly active 
against Gram-negative bacilli. In fact, certain germs, like 
£jc/icric/iia coli, Shigella dysenteriae and some blood-dissolv- 
ing streptococci fall easier victims to this drug than to its 
twin brother, streptomycin. 5 Amazingly, streptothridn can 
also destroy some yeasts and molds, and there was hope that 
it might be used as an antifungial remedy. 

Experiments with tubercle bacilli, however, were disap- 
pointing. Even from the experiments in vitro it was apparent 
that streptomycin was much more active against Mycobac- 
terium tuberculosis. t 
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The first experiments on animals were quite satisfactory. 
Even small doses of streptothndn protected mice against in- 
fection with £sc/icnc/iia coli and the shigella bacteria but, 
according to H. Robinson and his associates, die drug was 
unable to give protection against pneumococci 3 There was 
also some indication that streptothrian might be effective in 
controlling undulant fever germs which cause contagious 
abortion in cattle. 4 and is transmissible to man through the 
consumption of raw milk. Twenty years earlier, in 1924, 
Belgian scientists, working at the Pasteur Institute at Brus- 
sels, had already called the attention of their colleagues to 
die peculiar ability of these mold-bacteria to annihilate diis 
type of germ.® 

While on the one hand the experiments on animals were 
quite encouraging, they were neverdicless a great disappoint- 
ment to Dr Waksman, for streptothrian proved so much 
more toxic dian streptomycin diat its possibilities for dicra 
peutic use were discounted. When diis drug was introduced 
into the blood stream of a mouse or rat, it produced a nerv- 
ous shock, an immediate Imtamine-lihe reacuon. The animal 
trembled and had difficulty in breathing. These symptoms 
would soon subside, but two or three days later die animal 
would die. Autopsies rescaled the harmful effects of die 
drug on the animal organism: die heart showed symptoms 
of myocarditis; the kidneys, and often the liver, ssere dam- 
aged. But particularly, tire mucous membrane of the intes- 
tines suffered from die administration of the drug® 

It was out of the question to administer streptodiricin to 
human beings by injection. It might be given by mouth, 
however. 

The chemical nature of this substance has more or less 
been determined. It has an organic base, low in nitrogen, 
and is easily soluble in water, but is insoluble in ether or 
acetone. The drug is very dicrmostablc, much more so dian 
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penicillin . 7 However, since streptomycin is much less toxic 
and in some instances more effective than streptothricin, it is 
probable that the latter may ne\er find its application in 
practical medicine, and must be termed a “therapeutic” 
failure. 
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The Story of Tjrothncm 


Molds prey on bacteria and destroy them Yet the conflict 
m the world of microorganisms is not confined to the single 
struggle of molds versus microbes Some harmless bacteria 
exerasc a similarly destructive effect upon bacteria of oilier 
kinds among them disease-producing germs Tins is as dein 
onstrated dramatically by the scientists at the Rockefeller 
Institute for Medical Research 
Dr Rene Dubos of the Rockefeller Hospital has a crea 
U\e mind. In his scientific research he is ever seeking ntw 
approaches to medical quesuons He does not hesitate to 
attack the problems of medical science in an unorthodox 
or even m a revolutionary fashion Twelve ) ears ago using 
a commonly known fact as his point of departure his re- 
search culminated in an important discov ery 
It is generally known that the soil eventually decomposes 
all organic matter admixed with il If a piece of meat or 
bread is buried in the soil in due course n will be decom 
posed and wall disintegrate Numerous soil bacteria 3re re- 
sponsible for this Though ignorant of the bacteriology of the 
soil man working the land has for centuries been aware of 
this pov»er of the soil But what happens if disease producing 
204 
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bacteria are mixed with the soil? Will they remain alive and 
multiply? For more than fifty years it has been known that 
the most virulent bacteria such as typhoid bacilli or some 
streptococci soon die if they are put into the soil for they 
are destroyed by the living organisms m it This may be 
easily proved by a simple experiment. If sod is heated long 
enough to sterilize it completely and typhoid or diphtheria 
bacilli are buried in it they will Temain alive and may exist 
for a long time unharmed and v ital 
That there were soil bacteria capable of destroying germs 
was suspected by scientists long before Dr Dubos began hts 
investigation But his audacious idea was to capture these bac 
tcna and to make of them a drug to fight infectious diseases 
In 193 7 it was a revolutionary idea Dr Dubos not only 
proved that such soil bacteria do exist demonstrating his 
contention with the skill of a great scientist he also isolated 
for the treatment of human beings those substances pro- 
duced by the soil bacteria 

Dr Dubos experiments deserve to be set down as examples 
of truly scientific research He mixed a sample of ordinary 
soil with calcium and phosphorous salts and to increase the 
number and vigor of the soil bacteria kept the tube m a 
•Harm humid chamber for several weeks He then put a 
small amount of this enriched sod into tubes swarming with 
deadly germs the special type of staphylococcus which pro- 
duces one of the forms of pneumonia When after two days 
he finally examined the tubes almost nil of the deadly germs 
had been destroyed their bodies in n partially or completely 
decomposed state There was no doubt that the soil bacteria 
had exercised this devastation on the aggressive microbes 
During two years of careful and patient investigation Dr 
Dubos repeated his experiments again and again using van 
ous combinations of salts and modifying the time and the 
temperature In 1939 he was ready to report his astonishing 
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results He had succeeded in isolating the substance produced 
by the soil bacteria which was destructive to die disease pro- 
ducing germs This substance was water insoluble, but was 
soluble in alcohol Experiments in the test tube fully dem 
onstmed diat it possessed highly bactericidal properues 
against Gram positive microorganisms The bacterium from 
which this substance was obtained was named Bacillus brevu 
It is a motile sporeforming bacterium belonging to die genus 
Tyrothnx The drug was first called gramicidin 

When die substance was more closely investigated and 
purified Dr Dubos and his associates discovered that it was 
actually composed of two different substances The most 
acme and therefore the most important from the medical 
viewpoint retained the name of gramicidin Its chemical 
structure was that of a polypeptide and contains no free 
amino or carboxy 1 groups 1 It proved effective against Gram 
positive microorganisms but had no power to destroy the 
Gram negative germs 

The second substance vvas named tyrocidmc It was also a 
polypeptide but it contained free ammo groups Tyrocidmc 
had some power against Gram negative microorganisms 
such as H influenzae Consequently Dr Dubos decided to 
change the name of the mixture of these two substances to 
lyrolhncm 

When the true nature and composition of tyrothrJCin 
was established an extensive mvcstigauon of its property to 
destroy various germs was begun Hcrrell and Heilman were 
the first to show that even a very diluted solution of this 
drug was able to inhibit the multiplication of pneumococci 
and streptococci " When the drug vvas applied in a weak ddu 
tion as a mouth disinfectant it worked as effectively as 95% 
alcohol* Tile most striking fact however was the power of 
tins drug to destroj in the test tube such unicellular organ 
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urns as Trichomonas vaginalis which quite often causes m 
fiammation of the \agma 

The next step was experimentation on animals Would 
tyrothncin be as efficient here as in the test tube? That was 
die crucial moment for Dr Dubos investigation The first 
investigation appeared to give satisfactory and even cn 
couragmg results When mice were infected with large doses 
of virulent pneumococci and simultaneously received the 
drug the fatal infection was prevented Moreover mice 
which already showed the deadly effect of the germs and the 
first symptoms of infection were cured with tyrothricin 
However even from the first attempts to cure or to prevent 
die infection m animals it was evident that this drug too 
was highly toxic when injected into the blood stream It was 
a great disappointment to many scientists who had followed 
the work of Dr Dubos with keenest interest. Tor the acid 
test of any drug of this kind is its toxicity The drug maj per 
form miracles of germ destruction in the test tube but if it 
is harmful to the cells of the human organism its therapeutic 
value will be small indeed Tyrothncin is typical of those 
antibiotics which were effective and promising m the test 
tube but when introduced into the blood stream were 
found to be harmful to the organism For it destroyed not 
only the germs but the red blood cells as well When 
tyrothncin is mixed with blood the red blood cells dis- 
integrate Not only was tyrothncin highly hemolytic but if 
introduced into the System by injection it could cause grave 
damage to the liver the kidneys or even to the nervous 
system In fact it is harmful to all types of cells including 
spermatozoa Only very small doses of this drug could be 
given to animals without the danger of killing them* 

Some investigators attribute this toxic effect to die tyroci 
dme which comprises one of the drugs ingredients. Dr 
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Dubos himself is inclined to believe that gramicidin the pnn 
apal compound of the drug is less toxic than the mixture.® As 
the result of these experimentations no clinical imestiga 
tions with tyrothnan by means of intramuscular injections 
were practicable Conscquendy, this drug is used only for 
topical applications for the treatment of local infections of 
the shin or eye or in sinus infections Even then, die drug 
should be used in very diluted form in order to avoid pos 
stble irritation of the skin or the mucous membrane It is 
marketed in the form of an alcoholic solution 
At present, tyrodmem is also being used by surgeons and 
physicians for local applications If a surgical wound does 
not heal properly the doctor may use a weak solution (05 
per cent) of this drug Or an ointment containing a small 
amount of tyrothncin may be applied to the infected area 
Such an omtmenv has considerable healing property on in- 
fected bums During the war some of the Army men serving 
in die tropics got pyoderma ulcerosum troptcum a persistent 
ulceration of die sktn resulting from infection by hostile 
microorganisms Tyrothnan has been proved valuable in 
die treatment of dus infection Surgeons prescribed wet 
packs of die drug to be applied to infected surfaces * 

When the mucous membrane of die eye is inflamed with 
conjuncmms the doctor may prescribe drops winch contain 
5 per cent of tyrothnan Tins drug has also been reported 
helpful in chronic conjunctivitis and dacrocystius T However, 
it must be used with caution because medications containing 
more than 3 per cent may cause irritation of the membrane ^ 
and thus aggravate the initial infection 
Sinus infecuons arc very common in this country par 
ucularl) in the large cities of the East and Middle West 
where sudden changes in temperature and drafts in subways 
and buddings arc encountered It is esumated that about 20 
per cent of the population of New \ork and Chicago suITct 
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from some form of sinus infection, ranging from a mild form 
of sinusitis, which may exist for )ears without being recog 
mzed, to a grave condition winch requires surgical inter 
icnu on and long treatment No wonder every promising 
antibacterial drug is tried by the specialists Many doctors 
have tried tyrothricm in various types of sinus or ear mfec 
lions Again, owing to the^ toxicity of the drug, the results 
have not been completely satisfactory J E Bordley and his 
associates and S J Crowe have reported excellent results 
in postoperative treatment of sinus and car infections due to 
streptococci and staphy lococci 8 But grave complications also 
resulted, due to the drug's toxicity 

A man entered Johns Hopkins Hospital in Baltimore with 
an acute infection of the frontal sinus, the sinus was irrigated 
with tyrothricm The result was disastrous Almost immedi 
ately, the patient developed a high fever, became delirious 
and complained of severe headache Twelve hours later it 
was evident that meningitis had developed For seven days 
the patient suffered a grave inflammation of the brain from 
which he recovered, although not completely He left the 
hospital unable to see clearly with his right eye, and suffer- 
ing some difficulty with Ins left The same hospital reported 
another similar case 

Although these cases are exceptional and Drs F J Oten 
asek and D Fairman did not find any other report of ill 
effects m human beings from clinical use of tyrothricm, the 
toxicity of this drug must always be kept in mind by the 
physician who prescribes it to the patient in specific in- 
stances ‘Even extremely small amounts of tyrothricm, in the 
cerebrospinal fluid may produce disastrous effects," these 
doctors warned * When an opening of the dura mater is 
known to exist after a radical sinusotomy, irrigations with 
this agent should be scrupulously avoided ” 8 In layman’s 
language, when a sinus operation has been performed and 
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there is an open communication with the brain cavity, no 
tyrothricm should be used 

Tlie story of tyrothnein, which developed so dramatically, 
and looked so promising in the test tube, helps to point up 
the great value oE penicillin Without the low toxiaty he 
tor of penicillin, it could never have been applied so wide!) 
To repeat the essential premise Jot any ' miracle drug" is 
its tow toxicity, its complete harmlessness to human beings 
In tins respect tyrothricm did not fulfill early expectations. 

Shortly after Dr Dubos succeeded in isolating tyrothnein 
from his Bacillus brevis, the Soviet medical press announced 
that the scientists working at the Moscow Institute of Micro- 
biology had discovered a similar substance A Russian physt 
cian, Mana Brazhnikova, disciple of the famous bacteriolo- 
gist, Professor Alexander Taracevitch followed the same 
pattern of investigation as Dr Dubos She and her associate 
Dr G F Gausc, were able to isolate from the soil a Bacillus 
brans, similar but not identical to that of Dr Dubos 10 
They produced a drug in crystalline form known as gram 
tcidtn S, the letter ‘S for Soviet It is often called Soviet 
gramicidin ’ 11 In the test tube it worked similarly to Dr 
Dubos gramicidin It is, however, somewhat more powerful 
against staphylococci than the regular gramicidin, but less so 
against streptococci and pneumococci The Russian drug is 
less toxic than American gramicidin jet not sufficiently 
harmless to be used for injections into the bloodstream Con 
sequently it is used largely, if not exclusive!) for local 
appheauon, such as the treatment of wounds eczema and 
sinus ear, and eye infections During the war this drug found 
considerable use in the treatment of gun wounds when ap- 
plied in an ointment or m wet packs Like American tyro- 
thricin Soviet gramicidin has its therapeutic limitations, 
owing to its toxicity to the human organism 
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germ tvluch would effectively fight the more aggressive and 
dangerous bacteria 

At this time seven year old Margaret Tracey fell and broke 
her leg while playing with her friends The tibia the luge 
inner bone of the leg was fractured Recovery was slow and 
an infection set in around the damaged tissue She was op- 
erated on by Dr Meleney Iu the debuded tissue removed 
from Margarets fractured leg he discovered an organism 
later identified as Bacillus subtilis He prepared a crude fil 
trate from the culture of this bacterium which was found to 
inhibit the growth of the deadly blood-dissolving germ he- 
molytic streptococcus With the assistance of Dr Herbert 
Anker Dr Meleney extracted from the filtrate a yellowish 
antibiotic powder 

In honor of the patient from whom the microorganism 
had been isolated the drug was named bacitracin This sub- 
stance was found to be of low toxicity and could be intro- 
duced into the blood stream of animals without harm 
However due to difficulties in purification the drug has 
been used ull now only for local treatment of infected 
wounds in surgical infections 1 

In his recent report Dr Meleney summarized his observa 
tions on this drug conducted on one hundred cases over a 
period of about three years He recounted a number of re 
markable case histones 

One patient had a diffuse infection of the finger Baa 
cracm was injected directly m the infected area and the 
finger was rapidly cured 

A young man had been suffenng from six stubborn ul 
cerating infections on die legs arms and buttocks The ex 
animation revealed that die cause was hemolyuc strcptococ 
cus Dr Meleney made a comparative test. Some of th6sc 
ulcers vi ere treated with penicillin others with baatraan 
The results were in favor of die new drug As Dr Meleney 



BACITRACIN— SUBTILIN ANT) POLYMYXIN 113 

stated, ‘ It was obvious that m every instance the bacitracin 
treated ulcers lost their exudate and healed faster than did 
the penicillin treated ones ’ 2 

The son of a professor of bacteriology at one of the South 
era medical schools was brought to the hospital with an 
acute infection around an ingrowing toenail The portion of 
the nail and its matrix were excised and the wound left 
open, and dressed with bacitracin ointment Two days later 
the wound was perfectly clean By the fourth day die wound 
itself was closed and * looked as if it were healing bj primary 
union ” 8 

Perhaps even more remarkable is the case of the patient 
suffering from a deep abscess of the cheek Such an infection 
is always painful and of long duration A small amount of 
the drug was injected directly into the infected tissue on two 
successive days By the fourth day, the swelling was all gone 
and the need for surgical intervention was obviated 

While remarkably effective in some infections bacitracin 
seems of little value in others. One patient had numerous 
furuncles of the axilla The drug was injected into the boils 
but produced no curative effect The germ which caused die 
infection was identified as Escherichia col 1, a bacillus which 
seems to be resistant to tins drug Similar discouraging re 
suits were observed in the treatment of a patient with mul 
txple furuncles of the face Local application of bacitracin 
ointment did not bring any relief However, penicillin 
caused a prompt disappearance of the boils 

There are some indications that this new drug which is 
Still being investigated, may be as effective as penicillin, at 
least in local treatments of infections caused by Gram positive 
organisms It appears that bacitracin is much less active 
against staphylococci and nonhemolytic streptococci than 
penicillin, but is highly potent against hemolytic strepto 
coca, and pneumococa 



THE MIRACLE DRUGS 


*«4 

Animal experiments iiave show that bacitracin gives some 
protection against germs of the group Clostridia. In all prob- 
ability the drug, when available in pure form, will find its 
application in some infections where penicillin is not suffi- 
ciently efficacious or when bacteria are encountered which 
are resistant to penicillin 

Paradoxically, bacitracin is another product of a simulta- 
neous discovery by two different groups of scientists. As ivith 
the cases of patulm and clavacm, die discovery of a drug 
similar, if not identical to, bacitracin was announced by 
other scientists almost at the same time that Dr. Mclency 
isolated the substance from the fractured leg of his patient. 
In 1914, Drs. E, F. Jansen and D J Hirschmann. extracted 
an antibiotic substance from Bacillus subtilis. They called 
it subtihn, and gave a detailed description of its physical and 
chemical properties. 4 

However, to tell the complete story of tliis discovery it is 
necessary to turn back to 1925, when Dr. L. Rosenthat, while 
working at Pasteur Institute in Paris, found that a certain 
microorganism possessed a remarkable activity against disease- 
producing germs. At that time he identified this organism as 
Tyrothrix scaber* Tor a number of years no report of this 
discovery was made. But when interest in antibiotics began 
to widen, the work of Dr. Rosenthal was remembered and he 
himself harkened back to his twenty-year-old discos cry. He 
soon found out that the organism had been wrongly classi 
fied and was actually nothing but Bactllus subtilis, die same 
bacillus from which Dr. Meleney extracted the new drug, 
bacitracin. In his more recent investigations. Dr. Rosenthal 
disclosed that many strains of Bacillus subtilis produce sub- 
stances which destroy certain types of pathogenic germs 

Shortly after the announcement of Dr. Rosenthal's redis- 
covery the workers at the Western Regional Laboratory’, United 
States Department of Agriculture, Albany, California, began 
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the investigation of this bacillus, known otherwise as Hay 
bacillus, and succeeded m isolating the drug, subtihn The 
substance isolated by Drs Jansen and Hirschmann was a crys 
talhne product, apparently of a polypeptide nature, soluble in 
alcohol and inactivated by light. The drug is highly active 
against Staphylococcus aureus and Slaphylocaccics vindans , 
but not against Bacillus typhosus A number of disease pro- 
ducing fungi were also found to be susceptible to subtilin 
The drug produces an inhibiting effect upon the bacteria in 
high dilution When tried in stronger concentration, it de 
stxo)s the germ directly Thus it is both bacteriostatic and 
bactericidal * 

Dr Hamilton B Anderson and liis associates have shown 
that the drug is slightly hemolytic, but less so than gramici 
din It is of relatively low toxicity, particularly when given 
to an animal by mouth According to these investigators it 
possesses a remarkable activity in the test tube against the 
parasitic amoeba, E histolytica One monkey was freed of this 
parasite after a ten-day treatment w ith subtilin 1 

It has not yet been determined whether bacitracin and 
subtilin are identical substances 

Anubiotics are being developed at a bewildering Tate In 
this country and abroad thousands of scientists are engaged 
m the search In the laboratories of commercial companies, 
in the bacteriological laboratories of medical schools in the 
hospitals and medical institutions, almost everywhere molds 
and bacteria are painstakingly investigated Since the isola 
tion and examination of an antibiotic isolated from a mold 
or bacterium often takes a year or more, it is not surprising 
that the same mold and the same drug may be discovered in 
two, or even more laboratories at the same time Perhaps a 
bacteriologist at the Pasteur Institute in Paris has been able 
to isolate die same mold or bactenum that a worker at Rut 
gets University is testing for therapeutic purposes For a 
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long ume to come scientists themselves as well as laymen 
tvill be bewildered by a variety of labels for the same sub- 
stance 

Among the numerous antibiotic substances isolated and 
described during the last two years one of the most promis- 
ing seems to be polymyxin This drug was obtained from 
the culture medium of Bacillus polymyxa commonly found 
in soil and water Drs R G Benedict and T H Stodola of 
the Northern Regional Research Laboratory Peona Illinois, 
discovered this substance and demonstrated its antibacterial 
activity against a group of the most stubborn germs suscep 
tible to neither penicillin nor to streptomycin Escherichia 
colt 9 There is evidence that this drug may be effective against 
many other Gram negative organisms such as Bacillus per 
tussts the germ which causes whooping cough or the bac 
teria responsible for intestinal infections 

Whooping cough is far more dangerous and widespread 
than is generally recognized for many children succumb to 
it. Children under three are often the victims The infection 
is transmuted by contact with a child who has the disease or 
by a healthy earner of the germ No effective remedy is yet 
known therefore any drug capable of combating this infec 
tion will be enthusiastically received 

Recently Dr Emanuel Scliroenbadi and hu associates at 
the Johns Hopkins School of Medicine reported seven 
treated cases oF whooping cough with polymyxin among 
them a six week old baby and his thirteen raonth-old brother 
who wrere seriously ill The temperature of the younger baby 
had reached 103° when die drug was first given Within one 
day after polymyxin was started his temperature returned to 
normal The physicians arc as yet reluctant to draw conclu 
sions from their investigations. But they have been en 
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couraged by the early reactions for apparently the lives of 
tile infants were saved b> this drug 

Polymyxin seems to be of low toxicity and can be given to 
man either by intramuscular injection or by mouth To date 
its use with only a limited number of diseases has been re 
ported Besides whooping cough and Tnedlanders memn 
gitis, polymyxin is effective in bacillary dysentery Dr Sidney 
Ross and associates of the Children s Hospital Washington, 
DC, reported the results of the treatment of 16 children 
affected with bacillary dysentery (Shigella a causative agent) 
With this drug In two days the germ disappeared from the 
stool of the majority of patients, and recovery took place 
And yet in a few of the treated children the bacillus was still 
found after several days of treatment® 

Although the Gram negative germs, like bacillus dysen 
tery, do not cause such serious diseases as for example, do 
streptococcus and staphylococcus which are both Gram 
positive bactena, when they do cause an infection it is gen 
erally stubborn and dangerous The necessity oE a drug an 
antibiotic, effective against this type of infection has been 
recognized since the time that the limitations of penicillin in 
this respect were realized The search directed along these 
lines has been very fruitful Three new antibiotics were re 
cently discovered which seem to answer this demand All 
three already have established their therapeutic value and 
arc being used on a large scale They are aureomycm, terra 
mycm, and Chloromycetin, otherwise known as diloram 
phenicol * 

• Chloromycetin w the trade name tor Chloramphenicol manufactured by 
Parle Davis Co 
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Aureomycin , Chloromycetin, and 
Terramycin 


There, are hundreds of mysterious disease-producing agents 
which belong to tbe group of "filtrablc virus.** Mumps, 
measles, chickenpox, and influenza are only a few of the 
virus infections which attach men and animals. Some cause 
such dangerous diseases as poliomyelitis, epidemic encepha- 
litis, rabies, and yellow fever. Indeed, virus diseases range 
from the most dangerous and fatal infections to completely 
harmless conditions. Some produce devastating effects upon 
the human organism, and diey may harm or destroy vital 
organs. Other viruses produce no ill effects and, in fact, may 
not even cause clinical symptoms. 

"What is the nature of viruses? IVhy are they called ‘‘filtni- 
blc"? How do they differ from bacteria? Viruses are so mi- 
nute as to be invisible. Therefore, they pass freely through 
die pores of a filter. They cannot live and propagate without 
living cells. They penetrate the cells of their host and, on 
living cells which are susceptible to them, produce a destruc- 
tive effect, causing lesions and deformations where dtc> in- 
vade. This is die fundamental difference between viruses 
218 
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and bacteria, m most cases the latter have no dose relation 
to the cells of the organism they attach. 

Are the viruses living organisms’ Some scientists have ex 
pressed doubts, for all their characteristics are manifested 
only when they are in association with living cells Actually, 
they possess all the fundamental attributes of living sub- 
stances They assimilate and metabolize nutritive substances 
They multiply and reproduce And they are able to adapt 
themselves to environmental changes They have chemical 
specificity and, if submitted to the influence of chemical and 
physical factors, respond as promptly as other living sub 
stances 

Viruses are minute indeed, and are often called ’the 
midgets of the microbial world ’ However, they vary in size 
Among the smallest is the virus of polio, which is about 
twenty times smaller than the virus of parrot fever The 
virus of yellow fever is slightly larger than the polio virus 

But it is not their size that males the fight against them so 
difficult and often so hopeless It is their close association 
with the cells of the organism which males diem danger 
ously resistant to medical measures. They invade the cells of 
the body, and almost immediately adapt themselves to the 
chemical environment of the tissue fluid Figuratively speal 
mg, they male themselves perfectly at home To a large ex 
tent they become part of die cell, and the cell is diseased and 
partially disorganized by them The reason the fight against 
the infectious diseases caused by viruses has not been success- 
ful is because die therapeutic drugs must have die unique 
property of destroying the viruses in die cells, without dam 
aging die cells diem selves 

All die antibiotics so far discovered have shown little cf 
fcctweness against viruses Penicillin, which can conquer 
many disease producing bacteria is powerless against viruses 
Penicillin was tried Tepeatedi), in vitro and in vivo against 
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various types of virus only to bring negative results In some 
cases like that of the virus of parrot fever, penicillin lias pro- 
duced some results in animal experiments but not sufficient!} 
clear and definite to afford die hope that die drug may be 
used for the treatment of virus infection Streptomycin, patu 
Jin, bacitracin, tyrothnan streptodmem— none has proved 
capable of destroying virus 

let there must be some antibiotic which will succeed 
against viruses The efforts of scientists at present are bent m 
this direction. Dr S Waksman feels that to find a drug 
against viruses is the most urgent problem of die science of 
anubioucs today 

If a drug could be found which would be as effecuve 
against viruses as penicillin is against the Gram posiuve bac 
teria then the struggle against the disease producing germs 
will enter its last victorious stage In this respect three new 
drugs aurcomycm Chloromycetin and terramvem show 
some although slight anti \ mis activity 

AUREOMVCIN 

After testing many substances produced by die mold 
bactena Streptomyces, Drs. B M Duggar and C W Hesse! 
tine of Lcderlc Laboratories came across a mold named 
Slreptomyces aureofaaens and succeeded in isolating a new 
substance which possessed unusual antibiouc properties. The 
antibiotic was named aurcomycm for its red-gold color Am 
mal tests revealed a striking spectrum activity The drug cx 
hibits a definite activity against many nckettsiae and certain 
viruses Most important it is of low toxicity to man 

Often the tragedv of the past is easily forgotten The 
names of the saenusts who lost their lives serving the cause 
of humanity are hardly known even to those who work in 
the same field The name nckettsia as applied to the infec 
tious disease known as Rocky Mountain spotted fever may 
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be familiar to a few But tv ho Temembers the origin of the 
word "Rickettsia ? Forty years ago this name was linked 
with dramatic events In 1909 an American scientist, A 
Ricketts described a microorganism which he had discov 
cred in the blood of patients with Rocky Mountain spotted 
fever The next year, together with Dr Wilder, he found 
similar organisms m die blood of typhus fever patients Dr. 
Ricketts plunged deeply into an investigation and soon was 
able to prove that lice transmitted the disease from sick per 
sons to healthy ones He found the same organism in smears 
from lice as he found m the infected patients While work 
ing on this problem, and trying to save patients affected with 
Rocky Mountain spotted fever, Dr Ricketts caught the in 
fcction which ended in his death 
Almost at die same time, a famous German protozoologist, 
S von Frowazek, made a similar discovery while mvesugat 
mg an epidemic of typhus fever in Serbia He, too, con 
tracted the infection and like his American colleague, died 
a victim of his devotion to science A few years later the germ 
was named Rickettsia prowazeki, in honor of these two scicn 
tuts It is the only monument to their heroism 
The nckettsiae are not viruses They belong to the bac 
tena class, but diey have biologic qualities in common with 
the viruses for the} have a close relationship with the cells 
of the host Like die viruses, they have never been cultivated 
without die presence of living cells The only growth of 
these organisms that has been obtained outside the animal 
body has been m tissue cultures 1 They need the presence of 
living cells to multiply , and as a base for their aggressive ex 
istence. Perliaps due in dns characteristic, nckettsiae have so 
far shown remarkable resistance to antibiotic substances 
However, animal experimentation indicates that these or 
gantsms are quite susceptible to aureomycm 

A case of typhus fever treated and promptly cured by aureo 
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my cm was recently reported by Dr Emanuel B Schoenbach 
of Johns Hopkins University Medical School 2 Typhus fever u 
assumed to be caused by a virus organism, transmuted cither 
by a louse or a flea In this particular case the patient was 
affected with so-called Brill s type of typhus fever In all prob- 
ability he bad been some years ago, a victim of epidemic 
typhus and the present infection was no more than a re- 
crudescence of the old latent disease It was a relatively mild 
infection 

A white man Rumanian born was admitted to the hospital 
with a fever shaking chill severe headache and pain m the 
calves of both legs His symptoms became progressively worse 
with a rash appearing on the abdomen Treatment with pern 
cillm gave him no relief His temperature rose to 105® F. 
w ith the rash becoming more extensive He was transferred to 
die Sinai Hospital where administration of aureomycm was 
prescribed The treatment was 200 mg by mouth every hour 
for three initial doses and, thereafter 200 mg every two hours 
day and night. Prompt improvement was noted in the well 
being of die patient the doctor states with diminution of 
the headache within twelve hours after aureomycm therapy 
was started The next afternoon die temperature was almost 
normal Three days later he was discharged from the hospital 
and soon was able to perform his duties as manager of a large 
supermarket. He had received a total of 6 6 grams of aureo- 
mycin orally during the four days of treatment without any 
apparent ill-effect 

Dr M Finland and associates reported rapid improvement 
m some of their patients affected with influenza A and B and 
a favorable response to aureomycm therapy in many patients 
with acute respiratory diseases originating m the common 
cold 3 Even varus pneumonia seems to respond to this drug 
Dr y ale Kneeland and his associates at the College of Physi 
cians and Surgeons Columbia University reported that sure 
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omycin therapy brought Telie£ to patients affected with virus 
pneumonia m forty-eight hours 

No less encouraging results were obtained in the treatment 
of so-called atypical pneumonia Dr Schoenbach and Morton 
S Bryer of Johns Hopkins University School of Medicine 
have recently reported eighteen cases of atypical pneumonia 
treated with aureomycin 4 

This infection of the lungs has been recorded as increas 
ingly frequent during the past fifteen years Unfortunately, 
the germ which causes this condition is not as yet isolated and 
little is known about it The onset of this type of pneumonia 
is usually gradual with fever, headache and chilly sensations 
Physical examination often reveals only minimal and insig 
niGcant signs m the chest which are out of proportion to the 
roentgen evidence of lung involvement Neither penicillin 
nor sulfa compounds are of help in atypical pneumonia and 
the effectiveness of aureomycin is therefore of the utmost 
importance 

Dr Schoenbach tells us about the case of a young woman, 
3t years old who was admitted to the hospital with the 
symptoms of this disease Her temperature was as high as 
104° T with a very fast pulse cough and headache She had 
been ill for five days prior to her admission Immediately 
aureomycin was prescribed m a dose of 3 grams per day by 
mouth Within twenty four hours the temperature had fallen 
progressively to 99 8® F The signs of improvement were cm 
dent within twelve hours after therapy was begun After four 
days of treatment the woman was completely cured of the 
infection 

The doctors concluded that the Tesults have been suffi 
ciently encouraging to indicate that this drug is an effective 
chemotherapeutic agent for this disease 

The activity of aureomycin against some virus infections 
was further demonstrated by the investigations conducted at 
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Harlem Dty Hospital of New York Here twenty five patients 
with a \ mis infection known as Lymphogranuloma venereum 
were treated with aureomycin This is a venereal disease 
identical with tropical bubo \ hich occurs mostly in Negroes 
male and female The lymph glands in the groin are enlarged 
and infected and sometimes the rectum is also affected It was 
Levadm of the Pasteur Institute who identified this germ as 
a filtrable virus The germ is pathogenic, not only for men 
but for monkeys and mice as well Dr Louis T V. right and 
his associates at Harlem City Hospital were very much im 
pressed with the results particularly because as they stated 
effective treatment has not been available for this disease 5 

What were die effects of the aureomycin therapy on the 
course of tins infection? Eight patients with buboes showed 
a decided reduction in die sue of the node at the end of four 
clays treatment Within forty-eight hours after the start of 
the treatment specimens from the same buboes revealed 
only occasional traces of die infection The doctors concluded 
that the drug does have virus-destroying properties that is 
it is virucidal 

Aureomycin was also tested extensively on infections ol 
die eye Drs A E Braley and W Sanders treated one hun 
dred patients who had various ocular infections and got very 
satisfactory results * They concluded that aureomycin (aure 
omycm borate of 05 to 1 per cent solution) is nonimtaung 
to the inflamed mucous membrane of the eye They found 
die drug effective against staphylococci and pneumococa 
and it was highly effective in influenzal infections of the eye. 

As was said before streptomycin is quite effective in the 
treatment of tularemia an infection which is transmitted to 
own from wild rabbits The recent report by Dr T E Wood 
ward and associates of die University of Maryland School of 
Medicine revealed that aureomycin is even more effecuve 
than streptomycin against B tularense die germ of tularemia 
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Their conclusion is based not only on clinical observation but 
is substantiated by experiments on animals 7 
When mice v\ ere infected with B tularense, and given only 
3 mg of aureomycm for four days they all survived, while 
the other infected mice treated with streptomycin all died 
However, when a larger dose of the germ was injected both 
groups of animals, treated respectively with streptomycin and 
aureomycm, died almost at the same time (16 days average) 
This observation seems to indicate that aureomycm is some- 
what more active than streptomycin against B tularetise 
The doctors have also treated three cases of tularemia with 
the new drug 4 The response of the patients to aureomycm 
therapy," they stated, ' is regarded as comparable to strep- 
tomycin therapy in degree of effectiveness 
Enormous clinical material Ii3s been accumulated on the 
therapeutic value of aureomycm during the last three years 
This clinical data is very impressive Although this drug 
exerts its most striking effect on infections relatively uncom 
mon in this country (typhoid fever, psittacosis, the rickettsial 
infections, tularemia) its value in many respiratory infections 
is beyond any doubt It is useful and highly effective m the 
types of pneumonia where penicillin is inactive (atypical 
pneumonia) The results in peritonitis and some colon-group 
infections arc most gratifying It is ineffective in virus intesti 
nal infections It might be of some help m poliomyelitis ac 
cording to Dr E Weis and Dr B J Winston 8 They treated 
48 cases of acute polio with large doses of aureomycm The 
patients who received a daily dose of s gm of this drug 87 5 
per cent had recovered completely by the time they left the 
hospital The duration of fever was about one half as long as 
in those who were not treated So far no confirmation of the 
effectiveness of aureomycm in acute polio has been received 
from other medical sources But even if aureomycm is only 
ptrtially effective m reducing the gravity of poliomyelitis 
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this Mould be of prune importance to numerous mothers In 
mg m fear of this infection for their children. 

CHLOROMYCETIN 

Dr Paul Burkholder, of Yale University, has been an ar- 
dent seeker of antibiotics Not satisfied with the mold and 
mold bactena he was able to find in this country he asked 
for samples of the soil from various countries all over the 
world. Perhaps, he reasoned, some foreign soil may harbor an 
unusual drug producing organism Hundreds of soil samples 
were sent to his laboratory and promptly investigated But 
only one yielded important results. It was the sample of earth 
from a mulched field near Caracas, Venezuela Trom this for 
cign soil bacterium the substance named chloTomycctin was 
isolated and obtained in a pure crystalline form ® 

Recently, Chloromycetin was synthesized by Dr Mildred 
Rebstock of the Parke, Davis Company, together with Dr 
Loren M Long and Dr Harvey Troutman They found that 
the drug was a derivative of dichloroacetic acid, a chemical 
which never before was found in naturally existing com- 
pounds (The chemical formula of Chloromycetin is D threo- 
i para mtrophenyl 2-dichloroacetamide-i, 3 propanediol ) 

It is claimed lhat Chloromycetin is effective in the treat 
ment of atypical pneumonia, typhus fever, typhoid fever and 
undulant fever, but no clinical reports have yet been pub- 
lished 

The fact which impressed the investigators was that this 
substance has a very wide range of action, inhibiting both 
Gram positive and Gnm negative bactern Moreover, it >s 
effective in as high dilution as 035 micrograms per cubic 
centimeter, a higher activity than that of penicillin or 
streptomycin In the field of nckettsia and virus diseases the 
activity of Chloromycetin seemed truly remarkable When 
the drug was injected into chick embryos it proved potent 
against various types of nckettsia 
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Drs. J. E. Smadel and E. B. Jackson of the Army Medical 
Center, Washington, D.C., demonstrated this in their in- 
vestigations. 50 They infected twenty-four seven-day chick em- 
bryos with various types of rickettsia germs. Shortly after- 
ward, they injected a small amount of Chloromycetin. When 
the dose was as high as one milligram all the embryos re- 
mained alive for fifteen days, for the drug had annihilated 
all the germs. Twenty-four embryo chicks infected with the 
same germ acted as die control; they were not treated with 
the drug, and all died within a few days. Similar results were 
obtained with parrot fever virus, variola virus, and influenza 
A virus. Apparently this drug is capable, at least in vitro, of 
destroying virus germs. 

When mice were infected with, the germ of scrub typhus, 
die drug reduced the mortality by 62.5 per cent. It was also 
found that Chloromycetin is rapidly absorbed from die in- 
testinal tract (in contrast with streptomycin) and is appar- 
ently nontoxic even when given intravenously in massive 
doses. 11 When the mice were given a large dose of the drug by 
mouth they were protected against the virus of encephalitis. 

After having completed dieir experiments on embryos and 
mice, Dr. Smadel and his colleagues embarked on a test on 
human beings. At first they made a preliminary test to find 
out whether the drug was harmful. They called for volun- 
teers among physicians to serve as human guinea pigs. They 
also wanted to know how long the drug remained in the 
blood. When one gram of the drug was given by mouth, it 
disappeared completely from the blood at the end of eight 
hours. But when a minimal dose of one gram was followed by 
0.2 gram every four hours, it remained in the blood at a 
level sufficient to destroy the germs. None of the physicians 
who served as guinea pigs for this peculiar test experienced 
harmful effects, cither during the treatment or after. 

Having proved in such a convincing manner that Chloro- 
mycetin is not harmful to human beings, Dr. Smadel then 
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result the incidence of streptococcal infections va s greatly 
diminished. Only on rare occasions would this germ invade 
the rounds But otlier germs resistant or indifferent to the 
action of sulfa drugs had also infected the rounds Again 
the doctors were confronted with difficult problems this 
ume it was the staphylococci which attached the tissues and 
blood streams of the pauents Now they had to seel, a drug 
which could effectively protect the wounds from the pus 
forming germs The) found the answer in a drug called 
pro flavin 

\ery little was known at that time about proflavin even 
among medical men Yet the few clinical tests made at Glas- 
gow and London Universities suggested that this drug might 
be effective against some t>pcs of germs The doctors at die 
General Scottish Hospital decided to try n on their own 
cases At first they applied it in solution that was completely 
ineffective Then they spra)ed the wounds with a powdered 
form of the drug now the results were gratifying In most 
cases the wounds remained stenle and healing proceeded 
with remarkable swiftness 

' Strangely enough this antibacterial drug was discovered 
and described in 1920 by Dr C H Browning of Glasgow 
University but did not receive recognition for almost twenty 
years 

In the search for an antibacterial substance Dr Brown 
mg took into considerauon the numerous correlating forces 
of the organism which participate in the fight against invad 
mg bacteria He conjectured that there must be a reason for 
the fact that pathogenic bacterta actually live m the human 
organism for months if not years in a quiescent state with 
out attempting to mvade the surrounding tissues Some 
forces restrain them 

Dr Browning wondered whether there might not exist 
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natural antiseptic substances which impede the growth o£ 
these germs He and his associate. Dr Adrien Albert, under 
took an intensive investigation of the protein substances 
which possess antibacterial properties and are present in the 
Iiuman organism 

The ammo group, the building block of the protein mole- 
cule, became the point of departure for their investigations 
The> came to the conclusion that the diaminoacndmes 
were the substances for which they were searching Accord 
ing to Browning these natural antiseptics are characterized 
by three properties In extreme dilution they act adversely 
toward a number of pathogenic bacteria, and their action is 
selective in that animal tissues are relatively unharmed, sec 
ond, their antiseptic action is undiminished and in some 
cases even increased, in the presence of blood serum, and 
third, the) are not damaging to the white cells, the defenders 
of the human organism 

ProfUvjn does not kill the germs directly It asserts its ef 
feet in a rather complicated physiological manner One 
might sa> that proflavin surrounds the bacteria with a sort 
of “chemical vacuum ’ It destro)S by depriving them of 
oxygen, without which most of these microorganisms are un 
able to live and grow This drug causes a sort of asphyxi 
ation The chemical composition of proflavm, and its anti 
bacterial behavior is similar, if not identical, to that of some 
of the antibiotics 

Thus the three different lines of investigation, that of 
substances naturally present in the organism protein that of 
synthetic sulfa compounds and that of antibiotics isolated 
from molds and bacteria actually work m the same direction, 
although from different angles When all the discovered 
antibiotic substances are compared, whatever their origin, 
there is considerable stmdant) m the chemical and biological 
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proper ues of some of diem There are others die biological 
actions of which arc similar but which arc of a quite different 
chemical nature. 

HOW DO THE ANTIBIOTICS ACT? 

The fact which impresses everyone who works in die field 
of antibiotics is the great variety of these compounds chemi 
cally speaking The antibacterial activity of sulfa com 
pounds it is believed depends on the formation of a free 
amino group when die compounds are introduced into the 
body of animal or man Profiavm belongs to the diaminoac 
ndincs it is possible that die activity of dm compound de- 
pends greatly on its ammo group Penicillin is assumed to 
be a peptide composed of two simple amino aads Gramia 
dm tyroetdm and actinomycetin are polypeptides composed 
of vinous amino aads Streptomycin is an organic mtrog 
cnou$ base (a hydroxy la ted base containing a free carbon 
group and a meth>l ammo group) But on the other hand 
there are the antibiotics which are of lipoid nature like 
clavacin and pyocyanasc Some are sulfur beanng compounds 
like gltotoxm and odiers arc pigments like actmomycin A 1 
Exacdy which chemical group is responsible for highly anti 
bacterial activity is not yet resolved. It is still a matter for 
speculation and conjecture extensive investigations and ex 
penmentations on animals and m die test tube are being 
conducted B ut one fact seems to be quite evident the most 
active antibiotics are highly water soluble Penicillin and 
streptomyan both outstanding antibacterial substances are 
water soluble The same is true about the sulfa compounds. 
As I* LawTcnce reported the more water soluble compounds 
are the more active 2 The newly discovered aureomycm a 
very active antibiotic is also easily dissolved in water 

In what manner do the antibiotics exert their destructive 
activity upon bacteria 5 Tins question is not completely 
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the bacteria of the food they need In this manner the drug 
produces its lethal effect on many types of germs without, 
however, harming human beings As he explained, one of 
die products of our metabolism is a substance known as py 
ruvic 3cid Both the living cells of our body, and the germs 
that invade the body, utilize this substance For both, py 
ruvic acid is an essential nutrient, without which they could 
hardly exist. However, the bacteria and the living tissue of 
the human organism consume this substance m altogether 
different ways, so that, while penicillin obstructs die use of 
pyruvic acid by bacteria, it does not interfere with the 
normal utilization of this substance by die human body 

Other scientists (Gardner, Cham, and Duthne) have given 
quite a different picture of the mechanism of penicillin ac- 
tion Bacteria pass, as do all living organisms, through a 
cycle of multiplication which is followed by rest It is pre 
ciscly the young bactcna which arc so susceptible to peni 
cillin Growing bacteria require more oxygen than die older 
generation In the presence of even small amounts of peni 
allin the oxygen intake by baby bacteria is completely 
stopped, while the older bacteria are sail capable of using 
the oxygen so essential to them It is possible, however, that 
oxygen is not the only substance of which penicillin deprives 
diem, and that the interference with die proper utilization 
of pyruvic aad is also an important factor m die destruction 
of germs 3 

Penicillin not only inhibits the growdi of the bacteria but 
also affects them directly by lysis in which the bodies of the 
bactcna are gradually disintegrated The mechanism of lysu 
is not yet properly understood 4 

"What is the principle of the action of sulfa drugs' 5 C P 
Miller and Ins associates believe that it is similar to diat of 
penicillin 9 Some of die sulfa compounds seem to interfere 
with the consumption of oxygen, but they also make it im 
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possible for the bacteria to obtain a \ital food substance, 
without which they cannot grow Figuratively speaking the 
sulfa drugs act by surrounding the germs with a sort of 
chemical magic wall which interferes with the regular supply 
of essential material In the presence of sulfa drugs the bacteria 
ate unable to multiply rapidly In fact if they are sufficiently 
susceptible to die drug they do not multiply at all No 
longer having the vitality necessary for an offensive ivar, they 
lose all their virulence and remain on the defensive, most of 
them stay alive but are greatly weakened by the lack of food 

What is this vital food substance which is denied the germs 
by the intervention of the sulfa drugs? What is the element 
so necessary for the growth of bacteria? The answer was 
given some time ago by Dr J M Gillespie He pointed out 
that one of the factors of the vitamin B complex plays an 
essential part in the growth of some bacteria If the para 
aminobenzoic acid is lacking in the nutritive medium the 
bacteria either do not multiply, or their growth is consid 
erably impeded This substance is widely distributed in na 
ture It can be found in small amounts in the blood and 
tissues of animals and man as well as m many food sub- 
stances It is present m considerable quantities in yeast. 

As we pointed out earlier, two British scientists Drs 
Woods and Fildes were the first to observe that para 
aminobemoic acid everts an anmulfanilamide action To 
nuce infected with streptococci they gave doses of sulfa 
drugs The infections could not progress The animals were 
properly protected against die germs by the drug But when 
during the treatment diey fed the same mice a large quan 
ttty of yeast they saw that the sulfa drugs were less effective 
In some strange way this vitamin (para aminobenzoic acid) 
ln die yeast interfered with the sulfa drug action Why? How 
does this work? 

Apparendy para aminobenzoic acid is an element essential 
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to bacterial life It p!a}s an important part in bacterial me- 
tabolism When a sufficient amount is present in the medium 
or m the blood stream, it forms some sort of protective 
chemical wall against the sulfa drugs and blocks the way 
But if only a trace of para -a mmobenzoic acid is present, as 
is usually the case in the human and animal organism, the 
picture is reversed Then the sulfa drugs form a chemical 
wall around the baciena and block off the road to para 
ammobenzoic acid a 


TOXICITY 

An antibacterial drug must be almost completely harm 
less, that is a fundamental requirement before it can be ap- 
plied for therapeutic use An antibiotic may be very active 
against germs in die test tube but if it is toxic to die human 
bod>, the drug is dierapeutically valueless In dm respect, 
most of the sulfa compounds are toxic to some degree to die 
human bod) Among die several hundred sulfa compounds 
which have been developed in die last ten )ears or so anlf 
about ten have been adopted for medical use Even those 
widely used arc far from ideal antibacterial agents Tor an 
ideal drug would be complete!) harmless to the tissues and 
the blood forming s)stcm of human beings 

On die other hand, up to now one hundred natural anu 
biotic substances have been isolated Some arc die products 
of molds and others have been extracted from the bacteria 
of soil or from other harmless or pathogenic bacteria A 
number of substances which seem to possess some antibac 
tenal acuvit) were discovered in plants and even in insects* 
But from this mass of antibiotics bearing the most fantastic 
names there are actually only a few which have been ac 
cepted therapeutical!) The investigations on die rest never 
reached the chmal stage For ammaf experimentation 
proved their high toxicity bc)ond any doubt 
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In order to be effective in die blood stream, an antibiotic 
must remain in the system at a certain level for a relatively 
long period of time The more stubborn and acute the mfec 
Don, the larger the dosage which must be given, and the 
longer the treatment which is required Tlius, low toxicity is 
an imperative prerequisite A drug is considered of very low 
toxicity if as large a dose as o 5 gram or more per kilogram 
of weight can be given without harmful effect to the tissues, 
blood, and organs of the patient Unfortunately, the only 
drug which more or less answers this requirement is penicil- 
lin In spite of all the extensive investigations conducted 
during the last ten years, no other substance of as low to\ 
iCJty to the organism and yet as powerful against certain 
germs has been discotered No other drug his surpassed it in 
low toxicity, although even penicillin cannot be considered 
completely harmless Aureoraycin, tenamycin and chloromy 
cetin are also of low toxiaty and \ ery close to penicillin m 
this respect. Streptomycin on the other hand, is of consider 
able toxicity and should be given, if m large doses and for 
a long period of time with caution 

The most important feature of an antibacterial drug s ac 
tion with regard to toxicity is its effect on the blood How 
do the white and red blood cells behave and hoiv do they 
react to the drug when it enters the blood stream 5 Before 
any antibiotic is given to human beings, it is tested for these 
properties 

It lias been known for some years • that sulfonamides are 
toxic to while blood cells, although the effect is onl) tempo- 
rary if die dosage is moderate However, if the drug is given 
for too long a period considerable harm may be clone to the 
white-cell producing system 

Sulfa drugs also have a harmful effect upon the red cells 
Anemias are quite common in patients treated with this 
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drug However, in this respect sulfathiazole is much less 
toxic than sulfanilamide and sulfapyndme 
The most feared complication of sulfa-drug therapy is the 
disease of blood formation known as agranulocytosis * This 
disease may ocarr when the drug is given fifteen days or more 
The daily dosage is less important than the length of time 
of the treatment Agranulocytosis is often the cause of death 
The most dangerous drug is sulfapyndme, sulfathiazole is 
less toxic, the least harmful is sulfadiazine 
Penicillin, in the dosage given to patients does not pro- 
duce any damaging effect either on the vs lute cells or on the 
red cells It is never the cause of an anemia, and can be given 
to patients suffering from any type of anemia Penicillin has 
no injurious effect upon the blood forming system, a fact of 
great importance to the medical practice 

Streptomycin docs not affect either the white or the red 
blood cells and docs not induce anemia of any type Chloro- 
mycetin is known to cause granulocytopenia and, therefore, 
might cause agranulocytosis 

Tyrotlinan is highly destructive to red blood cells In fact, 
it is so hemolytic that it cannot be introduced into the blood 
stream at all On the other hand, bacitracin and aureomycin 
appear to be harmless to red and white cells® 

How does the anubiotic affect the kidney s 5 That is the 
second major question asked about any drug which must he 
given in large doses and often for a long period of time 
Sulfathiazole the sulfa drug commonly prescribed produces 
a damaging effect upon the kidney but damage to the kidney 
is relatively less frequent m sulfanilamide therapy 10 
Penicillin has no effect upon the function of the kidneys. 
It can be given freely even to patients who suffer from ail 
ments of die kidney 

Unfortunately, this is not the case with streptomycin which 
does produce kidney irritation Often patients treated with 
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streptomycin have albumin and even blood in the urine as 
the result of kidney irritation These manifestations arc not 
dangerous, unless the patient had kidney trouble before 
treatment. 

On this question no information is yet available on the 
newly discov ered antibiotics (aureomycm, bacitracin, and 
others) 

Skin rashes are often observed m the course of sulfonamide 
therapy They are more severe as a rule, when the treatment 
is given a second or third time Some physicians have ob 
served that sun's rays increase the skin rash caused by sulfa 
drug therapy The drug which seems to cause skm reaction 
most frequently is sulfatluazole 

Penicillin also causes skin irritations of various forms, and 
varying degrees of seventy Between l and 2 per cent of men 
are allergic to penicillin Among this group are observed the 
most unpleasant skin rashes and eruptions 11 Streptomycin 
is also responsible for this type of reaction Skin rashes of 
varying degrees of gravity have been described in patients 
receiving this drug Sometimes the itching is unbearable, but 
is rarely dangerous and should not serve to stop the treatment. 

General reactions to sulfa drugs vary in frequency and se 
riousness, depending upon the compound Vomiting is quite 
common after taking sulfapyridine, but occurs less frequently 
with sulfadiazine Dizziness js a common manifestation with 
sulfanilamide and sulfapyndme therapy It occurs much more 
rarely with sulfadiazine Drug fever is a usual manifestation 
m paUcnts receiving sulfatluazole, while here sulfadiazine of- 
fends less. 

It is esumated that serious toxic manifestations (damage 
to the blood forming system, or to the kidneys, or to die liver, 
or other reaction*} take place jjb shout so per rent of patients 
submitted to sulfathiazole therapy, in about 17 per cent of 
cases in sulfapyndme and in 13 5 per cent in sulfanilamide 
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treatment- The least toxic compound is believed to be sulfa 
diazinc from winch on!) one patient out of fifteen may ex 
perience toxic reactions 

Generali) reactions in penicillin therapy are serious only 
when there is an allergy to the drug There may be a serum 
like fever with vomiting headache and shm rash Some mild 
skin irritation headache and general malaise may occur when 
penicillin is administered m very large doses 

When streptomycin was introduced into medical practice 
many cases of lmtammc like reaction were reported Heart 
palpitation rapid pulse and even trembling were the symp- 
toms However with further purification of the drug tins 
type of reaction has become less frequent Nevertheless even 
at present about 7 per cent of patients experience more 
or less strong toxic reactions The larger the total dose given 
the more pronounced die symptoms may be As with the su! 
fonamides the length of time of the therapy is more important 
than the dose of the drug given at one time Most of the 
symptoms appearing during and after streptomyan therapy 
arc due to the toxic effect of die drug upon the eighth cranial 
nerve 

One of the gravest complications which may occur from 
streptomycin therapy is deafness It is ijstimated that about 
o 8 per cent or one out of one hundred* twenty fix e may tem 
poranly become deaf if treated with dns drug If die person 
already has poor hearing streptomycin should be adminis- 
tered with considerable care and not in very large doses 
Vertigo is the commonest reaction in streptomycin therapy 
About 95 per cent of persons given large doses of the drug 
for a long period eventually suffer from vertigo In some 
patients the symptoms appear very soon after a few days 
treatment, while others begin to experience 10x1c eflccts only 
after two or three weeks of continuous therapy These syrop 
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toms, unpleasant as they may be, are not dangerous and the 
treatment may continue 

Aurcomyctn often produces nausea and sometimes dizzi 
ness of a mild nature Terra my cm often causes diarrhea 

RESISTANT CERMS 

Bacteria submitted to the action of antibiotic substances 
often acquire a resistance to them Some germs are more apt 
than others to develop such a resistance which, consequently, 
makes the treatment, if not a complete failure, at least less 
effective Germs often develop resistance to some sulfa drugs 
and particularly to streptomycin 

In the case of penicillin such an acquired resistance is less 
manifest than with the sulfa drugs On the other hand, strep 
tomycin seems to be the substance which induces quite often, 
and more rapidly a resistance to the germs against which it 
is given 12 But an acquired resistance to the anubiotic is not 
the only problem with which the physician is confronted 
There are strains among the bacteria which are naturally 
resistant to this or that drug 

The resistant bacteria is the bane of the physician "When 
he prescribes sulfa drugs or penicillin he can never be sure 
that the infection is not caused by a resistant strain of the 
germ. Fortunately, however, when a bacteria, for e.\amp!e, 
tfie gonococcus which causes gonorrhea, acquires a resistance 
towards sulfa drugs this does not mean it also becomes resist 
ant to penicillin Quite the contrary, the gonococcus which 
resists sulfa drugs is as susceptible to penicillin as are non 
resistant gonococci Some gonococci may become resistant to 
penicillin if the initial dose of the drug is too small, but since 
knowledge of dosages is well advanced, such cases are tare 

There is always the hope that if one drug fails another may 
succeed Often, to assure success, a combined therapy is in 
mated from the beginning of the treatment. However, such 
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a combined therapy is hardly advisable unless the condition 
of the patient is grave. In most cases one drug is applied at 
the beginning of the treatment and if it does not produce the 
desired effect then it is replaced with another antibiotic. 

COMPARISON OF ANTIMICROBIAL ACTIVITIES OF SULFONAMIDES 
AND OTHER ANTIBIOTICS 

By a strange biological paradox, sulfonamides are active 
against the same groups of bacteria as penicillin. These two 
antibiotics are specifically effective against Gram-positive 
germs: staphylococci, pneumococci, streptococci, and gono- 
cocci, However, there is little doubt that penicillin is stronger 
against these bacteria than sulfonamides. Both of these drugs 
are ineffective against the Gram-negative group of bacteria, 
with a few exceptions. Sulfonamides are helpful against the 
germ of dysenteriae, Shigella dysenteriae, while penicillin is 
not 

Penicillin will work against some spirochetes (Borrelia 
novyi and others) while the sulfonamides will not Penicillin 
shows some activity against parrot-fever virus, while the sulfa 
drugs are completely ineffective. The only exception is the 
recently developed compound phcnolsulfazole, which, it is 
claimed, has antivirus activity. 

Streptomycin is active against both Gram-positive and 
Gram-negative bactena. As a rule this drug is much less ef- 
fective against the Gram-positive organisms than penicillin 
(with the exception of tubercle bacilli). Although strepto- 
mycin is active against Escherichia coh, the drug is not used 
for tills condition due to its toxicity. It is very effective 
against Bacillus protcus and Pseudomonas aeruginosa and is 
used in urinary tract infections due to these microorganisms. 
Streptomycin is active against tubercle bacilli and Bactena 
tularense (the agent of tularemia), against which penicillin is 
inactive, or veiy slightly active. 
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Chloromycetin, aureomycin, terramycm and polymyxin 
show activity against many Gram negative organisms, and the 
first three seem to be effective in some virus infections al 
though their value against influenza A and B and common 
cold agents is far from established 

INFECTIOUS DISEASES 

The infectious diseases which affect man are as numerous 
as the disease-producing germs For example, infection of 
the lungs, pneumonia, may be caused by various types of 
baetcna Accordingly, the course of the disease and the treat 
ment depend on the bacterium which is responsible In this 
book it is not our intention to give a description either of the 
specific therapies recommended in tins or that infection, or 
the proper method and dosage recommended for any partial 
lar disease We shall limit ourselves to a brief review of what 
antibiotic seems to be the most effective therapeutic agent 
in the most common infectious diseases 

Endocarditis may appear m acute or subacute form The 
germ, after entering die blood stream, attacks the valves of 
the heart. There the germs grow, forming vegetations which 
consist of masses of bacteria encamped in the inflamed tissues 
of die heart valves In acute endocarditis there is a real dan 
ger that the valves may be destroyed by the infection Acute 
endocarditis may be caused by various bacteria, such as strep- 
tococcus, gonococcus, staphylococcus, and even pneumococcus 
Against most of these bacteria penicillin is effective, but a 
combined therapy of penicillin with aureomyan, terramyan, 
or streptomycin is recommended Subacute endocarditis is 
also serious and requires long and patient treatment The 
offender is, as .a aide. Streptococcus inn dans, or some other 
streptococci Penicillin in very large doses, given for a long 
penod of time, bnngs recov ery m about 70 per cent or more 
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cases, depending on the type of germ J * A combined pemcd 
Jrn and heparin therapy seems to bnng better results accord 
ing to Loeweand Ins associates 

Meningitis, or the infection of the meninges of the brain 
was usuall) a fata! disease before the antibacterial drugs be- 
came available Various bacteria ma> cause it but the most 
common offender is meningococcus This germ is highly sus 
ceptible to many sulfa compounds and sulfadiazine often 
gives good results But since this bacterium is also highly 
susceptible to penicillin a combined therapy is as a rule 
often indicated In more serious cases penicillin is given by 
intramusailar as well as intrathecal injections If the disease 
is treated promptly there are ninety five out of a hundred 
chances of recovery 

Meningitis caused by staphylococci is much more danger 
a us. The offender is usually Staphylococcus aureus its origin 
perhaps a sinus infection a wound of the skull or mastoiditis. 
The germ is more susceptible to penicillin than to sulfa com 
pounds Some doctors have reported 100 per cent recovery 
with penicillin therapy In some cases of resistant staphylo- 
coccus aureomyan or streptomycin combined with pemallin 
is being used 

Pneumococcal meningitis is not an infrequent disease 
This infection may resist treatment with sulfa compounds 
for this reason a combined therapy of sulfadiazine and pen 
talhn or aureomyan is generally applied 

Pneumonia or infection of the lungs may be caused by 
various baciena but the most frequent offender is Diplococ 
cus pneumoniae This germ is highly susceptible to pcnialhn. 
Therefore a prompt recovery is usually effected through pen 
icillin therapy or with a combined therapy of pemallin 
aureomyan or terramyan 

Pneumonia caused by staphylococci or strcptococa is rela 
tivcly rare but much more dangerous In staphylococcal 
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pneumonia penicillin may bring recovery m about 85 to 87 
per cent of cases In streptococcal pneumonia the chances are 
smaller, about Go to G5 per cent 

Atypical pneumonia, some types of virus pneumonia, and 
influenzal pneumonia respond favorably to aureomycin and 
tcrramycin as tv ell as to Chloromycetin 
Nephritis , or infection of the kidney, may exist either in 
an acute or chronic form Acute nephritis (glomerulonephri- 
tis) sometimes occurs after a streptococcus infection of die 
lungs or bronchia Since penicillin does not damage the kid- 
ney and does not produce an irritation of die kidney tubes, 
it is preferable to the sulfa compounds. In chronic forms of 
nephritis, however, penicillin is of litde help 

C}SMu and other infections of the urinary tract are, as 
a rule, caused by Gram negative bacteria Neither penicillin 
nor sulEa drugs are of much help Streptomycin is the pre 
ferred drug and has proven highly effective in many infections 
of the urinary tract when the offenders are Escherichia coh 
and Klebsiella pneumoniae or Pseudomonas aeruginosa 
Syphilis is caused by the Treponema pallidum, a spiro- 
chete which is susceptible to penicillin The drug has proven 
of considerable value m the treatment of fresh infections and 
has given relief in some forms of chTonic syphilis Against 
tins disease neither the sulfa drugs nor streptomycin, nor 
aureomycm, nor related drugs are effective 
Gonorrhea the agent of this infection is Netsserta g on 
orrhea which is highly susceptible to penicillin Penicillin is 
the preferred remedy, although sulfadiazine shows consider- 
able activity against this infection 
Bronchitis , or infection of the branches, may be caused by 
various microorganisms Among die most frequent offenders 
are streptococci (of die hemolytic type) and Staphylococcus 
aureus Penicillin alone, or m combination with other drugs, 
such as aureomycin, may bring some relief 
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Dysentery, an intestinal infection, is caused by a genus of 
bacteria called Shigella (Shigella shigae, Shigella flexneri , etc.). 
Penicillin and strep tom) an are ineffective, while the sulfa 
compounds, particularly sulfamcrazme, seem to be of con- 
siderable value. 

Influenza and the common cold arc caused by virus organ 
isms Aureomycm, teiramycm, and Chloromycetin seem to 
give considerable relief in these conditions without being 
completely effect is e 

Brucellosis, others' isc known as undulant fever, is caused 
by Brucella abortus or Brucella suis Streptomycin combined 
with sulfadiazine has given very encouraging results, although 
toxic reactions of considerable gravity have been reported 

Tularemia is caused by the microorganism called Bac 
tenum tularense, which is transmitted to man from wild 
rabbits Streptomycin is effective but aureomycm even more 
so Penialhn and sulfa drugs arc not 

Sore throat, this common affliction, is caused usually by 
streptococcus It is often blamed for the many grave compli- 
cations due to this germ Penicillin is die most effective rem 
edy if given by injection and simultaneous local application. 

In many other infectious diseases not mentioned in tins 
brief review penicillin, the sulfonamides and streptomyan 
may be useful and even highly effective if the causative agent 
is susceptible to the drug In carhunculosu, various abscesses, 
osteomyelitis, otitis, and some skin infections one or more of 
these substances hav e proven of high effiacncy Penicillin and 
the sulfonamides are being used with a high degree of suc- 
cess m infections of the mouth, throat, ear, eye and larynx, 
as well as in vaginal infections In many other diseases, such 
as typhoid fever, typhus fever, colitis, rheumatic fever, and 
cholera none of these drugs have proven effective On the 
other hand, some of the newly discovered antibiotics are quite 
promising m this respect. Atvrcomyan stems to possess some 
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antivirus activity, while chloromy cetm and polymyxin show 
considerable activity against some of the Gram negative bac- 
teria 

Antibiotics are playing an increasingly important role in 
preventive medicine Not only in post-operative treatment, 
but in every day medical practice they have become an essen 
Ual weapon m reducing infectious diseases and their compli 
cations As an example we may give die treatment of sore 
throat with penicillin It arrests die infection over night and 
often prevents dangerous complications of tins affliction, in 
itself innocuous Even more impressive is the fact that pern 
cillm is of value m preventing recurrent attacks of rheumatic 
fever Moreover, rheumatic fever itself can be prevented if 
sore throat caused by streptococcus is promptly treated widi 
penicillin More and more antibiotics are being used for the 
prevention of disease Consequently, the mortality rate for 
scarlet fever, whooping cough, pneumonia, and peritonitis 
were at an all time low during 1949 (Bull Metrop Life 
Jnsur Co 50 3, 1949) 

Summing up the achievements in the chemotherapeutic 
field during die last ten years many infectious diseases, which 
a decade or more ago were considered incurable, and which 
have been responsible for high mortalities, are now virtually 
conquered 

While diere remain a number of infectious diseases which 
cannot be vanquished by the drugs so far known, we are still 
only at die beginning of die new era of chemotherapy, each 
year, if not each month, comes encouraging news about some 
newly discovered antibiotic With die investigations going 
forward so intensively and so rationally, in the field of cliemo 
therapy, one cannot doubt Uiat sooner or later our armament 
of antimicrobial substances tuff become so rich and powerful* 
that only a few, if any, disease producing germs may remain 
beyond the reach of the weapons in the arsenal of science 
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Man Against Microbe 




Medical research has the greatest fascination for men of 
science Every discovery in the medical field bnngs us closer 
to a better and more profound undemanding of the human 
body on the one hand its weaknesses and limitaUons on 
the other its powers of resistance and amazing ability to re- 
cuperate 

Medical scientists gam satisfaction often denied to their 
colleagues in other fields from die knowledge dial diey are 
helping to alleviate suffering and to cure illness In ascertain 
ing die origins of disease in discovering new methods of fight 
mg afflictions in reducing the death rate and in prolonging 
man s lifespan medical scientists have already accomplished 
a near miracle tn the last half-century The progress though 
astonishing is still going forward with gigantic strides checked 
neither by wan nor b> other catastrophes of mankinds tur 
bulcnt existence 

Decades ago infectious diseases were accepted fatalistically 
as the will of heaven Man was powerless against them Ept 
demies of scarlet fever cholera or typhus preyed upon man 
kind pitilessly and almost without opposition But now most 
248 
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of these dangerous and swiftly progressing infectious diseases 
are under control 

In the maternity wards of Europe the mortality rate among 
newborn infants was once as high as 50 per cent At present 
only a few among thousands die m early infancy 

During World War I wound infections in the fighting 
forces caused vast numbers of deaths In some armies almost 
70 percent of die wounded died because of acute infections 
of wounds and fractures In this Tespect, World War II casu 
alues were reduced unpressiv ely Not only m our own and 
m die British armed forces, but m the Russian armies as 
well, the number of men who died from wound complies 
tions was sharply diminished 

For this, and many other achievements m die field of prac 
tical medicine and surgery, thanks are due to a small army of 
medical scientists laboring m the laboratories and scientific 
institutions of the world Their names, with few exceptions, 
remain unknown, not only to the general public but even 
to the medical profession, which so freely makes use of the 
fruits of dieir investigations As a rule these scientists arc 
poorly paid, their incomes being but a fraction of die earn- 
ings of dieir colleagues who are practitioners Nevcrdieless, 
they hare more contentment and satisfaction dian the work- 
ers m almost any other field. Their tasks are always intriguing 
and exciting, for they deal widi the most fundamental prob- 
lems of existence, the eternal questions of life and death 

In cveTy medical discovery there is die * continuation of 
the idea.’ The discovery is never regarded as completely 
finished or accomplished It is endlessly redeveloped, with 
ever new lines of research branching out Each discovery 
leads to a new investigation, and each investigation to a new 
discovery This never ending, engrossing, and exciting pene- 
tration into the mysteries of life stimulates man’s curiosity 
and imagination and beckons him further 



THE MIRACLE DRUGS 


*50 

Medical research is like a growing plant. From a single 
seed sown by an unknown, perhaps long-forgotten scientist, 
gradually burgeons a gigantic tree, with numerous branches 
and limbs. Its appearance in the woTld is slow, and often 
lias to overcome many obstacles. The ground for a new dis- 
covery must be well prepared. Before the discovery matures, 
the idea itself must germinate a long time. In this preparatory 
work, any number of scientists may take part. Here and there 
they toil independently of one another, until the moment 
arrives when a man of dynamic personality and vision unites 
and synthesizes the isolated Endings, and brings the discovery 
to the public. 

Laymen hear only the names of the great luminaries, the 
scientists who promote the success of a discovery and bring 
it to its happy conclusion. The public is familiar with such 
names as William Haney, Joseph Lister, Louis Pasteur, 
Robert Koch, Paul Ehrlich, Theobald Smith, or Frederick 
Banting. But behind these were thousands of other scientists 
who not only prepared the ground, but in some cases actually 
did the initial and embryonic work long before it was at last 
disclosed and accepted. 

In medical research there is no such thing as a wholly un- 
expected discovery. Almost every important disclosure is fore- 
seen and predicted. The germination of an idea can often 
be traced to an obscure or forgotten source. 

Who has not heard of the work of Dr. William Harvey, 
the father of physiology? In the seventeenth century, he dis- 
covered and properly described the circulation of the blood 
and thus laid the cornerstone of modern medical science. Yet 
the medical men of the University of Padua, where Harvey 
had studied medicine as a young man, were very close to the 
discovery of die same principles. Had not Servitus already 
written about the circulation through die lungs? Had not 
Fabridus, Harvey's instructor, discovered and described the 
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valves of the terns* The ground for the new theory of arcu 
latton had been prepared But it was Harvey who coordinated 
the existing evidence and made of it a whole, who found new 
proofs and, by simple and ingenious experimentation, laid 
the foundation for his new theory 

Bacteria were discovered by Anton von Leeuwenhoek in 
the year 167G But years before, Pierre Borel, using an ele- 
mentary microscope, observed bacteria like organisms which 
he described m bis book Htslortarum el Observationum Med 
tcophysicarum, published m 1653 In 1650 Athanasius Kir 
cher claimed that he saw in blood the microscopic organisms 
which were, in his opinion, the living agents of the plague 

And Pasteur himself? Long before he was able to prove 
that germs were the cause of infection, he was convinced that 
the idea of spontaneous generation of bactena was wholly 
erroneous There was already ample evidence to suggest that 
bactena, from the air or through direct contact, infected 
wounds, penetrated the blood stream, and induced all sorts 
of infectious diseases Twenty years earlier Agostmo Eassi 
had described the microorganism Botrytis bassiana, which 
caused the disease of silkworms At the same time E Eich 
stadt discovered a germ of contagious skin disease known as 
pitynasis 

Fully forty years before Pasteur began his experiments on 
anthrax N Barthelemy demonstrated tliat the germ of an 
thrice could be transmitted to sheep After him, A. Rayer and 
C. J Davame were able to prove that this disease could be 
transmitted from infected to heal thy sheep by blood inocu 
htion Fifteen 5 ears later Pasteur isolated die germ, culti- 
vated it, and proved that the infection was caused by bactena 
Pasteurs greatness fay not only in the observations he made, 
and the experiments he undertook, but in his courage, the 
brilliance of his inductive reasoning his vision, and his fight 
mg spirit. He would fight for an idea m which he believed 
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until he could bnng it from obscurity to general acceptance. 

Even the momernous disco* cry by Alexander Fleming of 
penicillin, the drug tv Inch has brought us so much closer to 
a successful mastery over the world o£ microbes had its fore- 
runners As earl> as 1897 C Duchesne reported that a ccr 
tain mold belonging to Pemnllium was capable of inhibiting 
die growth of germs. Fifteen years later, A Vaudremer, of 
die Pasteur Institute, made the discovery that a mold, Asper 
fpltus fumigatus, exercised a depressive action on tubercle 
baa lb, rendering them less virulent and aggressive A few 
years before the now famous mold Pemcillium notatum was 
discovered, L. Rosenthal at the Pasteur Institute in Pans 
and Andrea Gratia and Sara Dith at the Pasteur Institute an 
Brussels actually discovered and desenbed the antibiotic sub- 
stances produced by moldbactena. But all the discovenes 
which preceded Fleming s work only indicated that the idea 
was in the nr, awaiting some gTcatsacntist who would crystal 
I12C in The greatness of Fleming lay m his unlimited belief 
in the nghiness of his discovery, in his vision and in his stub- 
born persistence 

Tims there is some element of clairvoyance m tlfe progress 
of medical science. There is a goal toward which medical 
bacteriology guides us What is this goal of the science which 
studies disease-producing germs in order to fight them more 
efliaently? 

There was a time when prehistoric man lived m a wilder 
ness of forests surrounded by dangerous beasts He considered 
his battle for existence normal and natural One day the 
beasts would kill and devour a man the next day a man 
would kill and devour a beast Primitive man was never able 
to visualize any other, less dangerous existence With the 
development of civilization and concentrations of population 
the danger from wild animals has disappeared Some animals 
have become domesticated and serve the needs of man But 
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as the result of (utilization new menaces appeared m the 
form of disease producing germs Infectious diseases almost 
unknown to our ancient ancestors— at least as far as our rec 
ords show— began to endanger the existence of the human 
race The most ferocious epidemics devastated town and 
country Through the ages, epidemics of plague cholera 
typhus diphtheria and smallpox took a toll of countless roil 
lions Pneumonia and other infectious diseases were incurable 
and men died young or m the prime of their lues 

What was the attitude of man toward these new perils the 
nature of which he barely grasped? Danger from the wild 
beasts was a physical reality which man could face and com 
bat but infectious diseases confronted him with the unknown 
Mans complete helplessness against the sudden epidemics 
which killed wives husbands children and friends made 
these epidemics seem supernatural as though sent by Provi 
dence Throughout the centuries the theurgical theories of 
the origin of contagious disease in general and of epidemics 
m particular, dominated Ins thinking Microbes invisible 
omnipotent foes more dangerous than any wild beasts were 
everywhere around him Disease was looked upon as the 
striking arm of Providence the punishment for sin and im 
morality Even when with the progress of science, we ac 
quired full knowledge of the disease producing germs the 
fatalistic attitude toward infectious disease still remained 
Although modified in some degree this belief was still part 
of our consciousness until the time of the discovery of pern 
cilhn 

The extraordinary role which antibiotics particularly pen 
icillm have played has not yet been fully evaluated The 
brief fears wittdt hate elapsed since penicillin was first tested 
have radically changed our attitude toward our old enemy 
the microbe 

The psychological factors in the fight against disease are 
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of pnme importance The disappearance of our fatalistic at 
titude toward infectious diseases as the result of the discos 
cry of antibiotics, and our conviction that the microbes can 
be fought successfully with these miracle drugs greatly con 
tribute to prompt recovery Of course, the defense forces of 
the organism are still the major resources in the fight against 
infection, but the improvement in the morale of the patient 
does often male the difference between success and failure 
in the treatment 

What is the goal toward which medical bactenolog) is 
heading? It sounds like a dream or a fairy tale this goal to- 
wards which medical science is moving as though propelled 
by Destiny The goal is sunply to live in a uorld uithout 
menacing microbes, to have all disease producing microbes 
rendered harmless and domesticated to sec infectious dts 
eases vanish from the earth or at least be easily controlled 
to make this planet free from the dangers of death from in 
fectious diseases so that the common cold pneumonia plague 
meningitis tuberculosis and other dread ailments may be as 
rare phenomena as dangerous wild beasts are 

Will such a world ever exist? Wc believe so All the cvi 
dence supports the contention that sooner or later wc will 
no longer need to fear disease-producing germs. True wc 
stand only on the threshold of this new era and perhaps 
many decades may pass before the v ictory is within our grasp 
But there is no doubt no hesitation in the mind of anyone 
who watches closely the progress of the new science of anti 
bioncs that this dream will yet be realized by men of science 

During the recent past a gigantic step lias been made in this 
direction We have learned much about the intimate media 
msm of the life of pathogenic bacteria their weaknesses and 
limitations in regard to the antibiotic substances By the 
discovery of penicillin and other substances produced by 
molds and bacteria a new road has been opened. In this re 
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spect more has been accomplished For chemotherapy during 
the past Few years than for decades previously Alexander 
Fleming has earned the tribute which Lister paid Pasteur 
‘ You have raised the veil that for years has covered our fight 
with infectious disease” For Tleming has pointed out the 
trail for new and more effective methods of hunting microbes, 
tiie path which cannot help but lead to ultimate victory 
Moreover, the new trend in chemotherapy is of far reaching 
significance for human beings in other ways The role of 
microbial activity in the human body is not limited to acute 
infectious diseases Sooner or later the antibiotics will find 
their application in the treatment of many chronic diseases 
such as rheumatoid arthritis For the source of this disease 
is an infectious process of a latent type A slight cold, or 
smusms or, in fact, any infection may have a damaging effect 
upon the \ ital organs of the body Disturbances of the glan 
dular system, particularly those of the thyroid and adrenal 
glands, frequently occur as a result of infection Also, m the 
numerous cases where a prompt hquidauon of the infection 
may prevent a chrome ailment, the role of antibiotics will 
be of great service to the human race, and will gradually 
contribute to the improvement of general health 

In the light of the discoveries of antibiotics the future of 
mankind appears quite hopeful Each year the mortality from 
these diseases will decline, and the menace from the patho- 
genic microbe will diminish Small wonder that man has 
hailed these discoveries as ' miracle drugs 
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CHAPTER 3 

i Twort F \V, Lancet, * * 1*41 1315 x 1064 1930 

1 dlfereile, T , Compt rend, toe btol , 163 373, 1917. ice also "The Bac- 
teriophage and Us Behavior ” Baltimore igiO 

3 dJJertlle F„ Internal Climes 1 36 19*4 

4 Bordet J . dn« de l lnstitut de Pasteur 4* 1*83 1928 

5 Deut med Jl oehsehr, 61 *50*53 193^ also in Angeui C hem, 48657 

*035 

6 Compt rend toe biot iso 756 1935 
•j Kim n oehsehr , 16 1415 1937 

8 They prepared tno substances 2 nilfanilamidopyrjmidine and a sulfanil 
amldo-4 mcthylpynnudine Sec Chemotherapy ti Some Suliambmido 
Hcterocydes J Amtr Chem Soe , 6* *00- 1910 

9 Bull Acad Med , 8 *60 18,9. 

10 Ogston A British Med J 1 369 i83i 

It They are inactive In vi\o agamic all spirochetes af! viruses and all G am 
negative baetena with few exceptions 
l* Fischer K S and Armstrong F / Gen Physiology, 50 263, 1917 
>3 hJoir I M “The Mode of Action of Sulfonamides ' J Am Chem Soe * 
March, 19.14, P 459 He concluded that the inhP-Jiuon of bacterial 
growth by sulfonamides may be accounted for quantiu tvely by assuming 
that the action is due to a reversible combination between the basic form 
of the drug and the neutral form of the protein 
M i Fxper Med, 79331. 1944 

»5 IIouKumght R. D and Koser S A-, J Inject D*t , 75 1 13 1914 

iG. 7eller, W h el el , }jtJ>f-A J36 1* 1958 

17 Mcdm 0 Ferfiondf dX inlcmat med Kong x 37 1890 

QwwA {swo Smote News Leltm JwY} 31, \<>y8 Kid Sepurc&hes \v , 

19. Giro Brogi Pedtotria 49573 1911 

20, They reported on the occurrence of diffuse neaotic and degenerative 
la 10ns in patients who received a sulfonamide drug prior to death Am J 
Path , si , 1 9(6 
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st They reported granulomatous and polyiasoilar lesions In the patients 
treated with sulfonamides. Am J Pssth , k 679 1916 also. *1 703 19.(6 

CHAPTER 4 

1 From MetehiukoVs conversation 

a From conversation nth Dr Besredkx 

3. Dry substance constitutes 14 per cent of the tubercle badlli one-fourth 
of which Is soluble in alcohol and ether consisting of free fatty aadi 
and fatty acids combined with the higher alcohol "mykol to form a teas 

4 The tubercle badllt are not always destroyed by the gutrie juice in the 
stomach as is shown by successful Infection experiments in susceptible 
animals fed with tubercle bacilli William If Park Anne W Williams, 
and Charles Kumwiede, Pathogenic Microorganisms (Philadelphia Lea 
anil Febiger 19J1) 

5. Serge MeulnikoH, L injection Wicrobienre ct rimmunui (Tatis Mason 
and Company 1917) 

6 There was present a lysis of the tubercle bacilli in the abdomen of 
Colima tncllonella 

7 While Metalmkeff was tryfoR to solve the problem of the treatment of 
lOberasktslt Iry Amo} ring tkc badlltis capsules A 1 Jt-VYemcr also frock 
ing at the Pasteur Institute made an interesting observation He discovered 
that tuberculin, when added to the filtered extract of Pen, allium glaucvm, 
loses Its activity Thus it was thought that there might be something in 
the mold which is antagonistic to Che tuberde bacillus. This observation 
made In 1910 attracted little If any attention. The idea seemed to be too 
absurd. 

8 L. acidophilus and the doseiy related type. L. bipdus which occur abun 
damly In the intestines of breait fed infants ate typical intestinal organ 
Isms Genuine t- ectdophtlus of human origin differs fi-om L. bulgarirus, 
which is rapidly destroyed ui the intestines. This fact v»s of course not 
known to Metchnikoff who advocated the implantation of L. butgaricui 
Successful implantation of L. acidophilus depends largely on the strajns 
of the organism which are selected for the purpose 

9. L. F Rettger and II A. Chephn The transformation of Intestinal ports, 
with Special reference to the implantation of llaallus arfdopftifuj (Sew 
Haven kale University Presi igti) Abo L. F Rett^ej- m s Levy 
L. Weinstein and J E. Wast Lactobacillus acidophil us a n d its therapeutic 
application (New Haven kale University 19J5) 

10. Emmerich Lfiw and KoiscJiun discovered and described the peculiar 
properties of ft pyocyaneus in 1899 

11 Pasteur first applied the pnnaple of protective inoculation to the pre 
rentlon of anthrax. He was able 10 make animals immune by a series of 
inoculations with anthrax gems nbose disease- producing power had been 
so reduced that the Injections caused no harm The preparation of anthrax 
germs used for these Inoculations was called anthrax nedne 
IX Schoenul who is an associate of Dr Howard Florer recently has reviewed 
the work on ft pyoeyaneus which ii one of the oldest known examples 
of a mi cr oor ga nism producing subsunm antagonistic to other bacteria. 
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There are three different substances produced by this bacterium pyo- 
cyanin alpha hydro phermme and an almost colorless compound all 
of them bang isolated from a chloroform extract of D pyocyaneus 

JJ According to these authors the B pyocyentuj u able to produce Its blue 
pigment in the absence of all nutritive material except the ammonium 
salts of the dibasic acids of the succinic series 

14 According to Soresina pyocyamn stimulates cell respiration and inhibits 
glycolysis In vitro ft increases ceil multiplication 

15 See the work of Carlson and Bockne* F Dickens C. U Wagner lte 
should also mention the attempt to treat anew with the substances 
produced by some bacteria About fifty years ago Dr William B Coley 
of New York developed a method of treatment in which he employed a 
combination of toxins composed of sterile filtrates of the streptococcus of 
erysipelas and Bacillus prodtgiosus He claimed encouraging results in 
about co per cent of the cases treated by this method. William L. Laurence 
recently suggested that ranerr cells require b otin (a vitamin of the B com 
plex) and that the erysipelas streptococcus has an avidin like action" 
that deprives the cancer of this vital substance It was therefore *ug 
gated that large amounts of raw egg svhite would produce ihe same 
results as erysipelas. Thu hypothesis was tested at Bellevue Hospital New 
York by Dr Ira I Kaplan with encouraging results reported by him m 
the June issue (194^) of the American Medical Journal of the Medical 
Sciences These results which may be due either to the action of the free 
avidin or to the lyuc action on cancer cells of lysozyme or to both lend 
some support to the suggestion that fnaluromdase which acts in a manner 
similar to lysozyme is the enryme in the erysipelas streptococcus responsible 
for Its antiranrw action Other investigators however have not confirmed 
Dr Kaplans results 

16 L. Rosenthal investigated the antibacterial activity of Tyrofhrfx tenuis 
scaler fh forms geneculatus distort us and minimus 

CHAPTER 5 

1 Alexander Fleming Proc Boy Soc Med *6 71 193* 

* Gratia and Dath showed that Peninffium glaucum » ahie to dissolve 
Clostridium utelehii the bacterium responsible for gas gangrene. The 
interesting fact Is that we have learned recently that pcmallin is effective 
against the g e nu s of gas gangrene m some instances 

3 It is established that there is moTe than one agent which inmates in 
fluenza A virus like organism u now considered the most important 
cause of influenza epidemics 

4 Karl Meyer "The relationship of lysozyme to avdin" Science, 99 J91 
««H4 Also William L. Laurence “On the possible identity of avidin and 
egg white lysozyme " Ibid These investigations provide evidence tor the 
fey jtinve Ahaj Abe jusdw /luncynlr Jo J,vsngeme as htann that «£din an 
other mysterious substance isolated from egg white is a component of 
lysozyme serving as the carrier or binder in an enzyme system that makes 
biotin available to the tissues and organs of the body for proper normal 
functioning 
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In one *et of experiments a sample of Ijsoi)inc prepared by Dr Meyer 
was tested 10 determine Whether or not it coruaiDtti avidin the substance 
that combines In a strong chemical union with biotin In am ther scrici 
of experiments samples of avidin concentrates were tested for possible 
lyvozytnje activity Both senes of tests yielded positive results si owing that 
the lysozyme concentrate contained avidin and that the avidin enneen 
irate possessed strong lysorymc activity by dissolving ihe bacteria used 
as test organisms. The avtdm activity was found to be proportional to the 
lysozyme activity 

Since free avidin combines with biotfn Dr Meyer added varying amounts 
of pure biotin to the avtdm concentrates to see what the effect of such 
additions would be on the lysozyme activity of the concentrates The tests 
revealed that the addition of ten ralllionihs of a gram of biotin increased 
the bacteria dissolving power of the lysozyme from S to syi times. Fur 
thermo re the power of the lysozyme to dissolve 7 j per cent of the bacteria 
was increased more than 500 times 

5. The cup-plate method of assay is generally considered to be the standard 
method and Is the official method used by the Food and Drug \dmin 
fstradon for pcnfdflln assay See the article by U fr Schmidt and A J 
Moyer J Duel 17 135 *10 1541 

0 Dr Florey demonstrated that pure penicillin produced morphological 
effects on streptococcus in d luuons of 1 to *50 mill on Jjf V 4 ii| 117 
»9M 

7 LA. Ranti and \V M M Kirby have found that penicillin is actively 
bactericidal for the staphs lococros and that lyus of the organism occun 
as a result of penicillin action In spue of the ease with which enormous 
numbers of staphylococci can lie killed by small amounls or penirillm 
many organisms remain a five even afeer prolonged exposure to rhis efietn 
leal On retesting the remaining viable bacteria may l>c shown to be ai 
sensitive to the action of penicillin as seas the parent strain so that their 
survival It not the result of artificially induced penicillin resistance I"he 
presence In the blood and tissues of o t and oji unit of penicillin per cubic 
centimeter would seem to be adequate for the therapy of most cbnlcal 
Infections. It Is generally stated that penlcfll n is not inhil ited by serum 
body fluids or peptones. However lysis occurs somewhat more stowfy 
and mote organlims remain viable after prolonged exposure to penicillin 
If a nee broth It used rather than the relatively incomplete synthetic 
medium 

When peptones were added to the synthetic medium In increasing 
concentration the control organism multiplied more rapi lly b it pen! 
cilfin activity was unimpaired This is in strilin n contrast to ihe action 
of the sulfonamides It is possible that the tom t fluent* of the culture 
medium have no effect on the inhibitory phase of penicillin act on on the 
staphylococcus but are concerned in the ease with wl ich the agent may 
Induce lysis and killing of the bacteria Penicillin is an exttaordinanlv 
potent agent, which in minute amounts induces the death and lyric of 
ttapbylococxL That this effect N not complete and that viable organisms 
remain after prolonged exposure to the drug is unfortunate and mar 
explain certain clinical failures the clinical significance of which has not 
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been evaluated H T Helmholi and Chieh Sung have demonstrated a 
weak bactericidal effect of penicillin in urine on Streptococcus feeaht and 
on Protein ammoniac The work o!C L Hobby indicates that penicillin 
possesses 3ti antibacterial action in vitro against some Gram negative 
organisms "It fa possible, according lo this author, “that a form of 
penlallin showing greater activity against Gram negative organisms may 
exist.” 

8 Penidllin at a dilution of i 100 lulled leucocytes immediately at t *50 
more than 50 per tent lived for four hours The preparation 31 1 500 fa 
harmless 

g The experiments strongly indicated that there was no antagonistic effect 
when penicillin was admixed to the blood See also the work of Ramraet 
fcamp on this subject 

to It appears that penidllin is even less toxic to macrophages than to fibro- 
blasts Dr Ivor Comman stated that m roller tube cultures untreated 
sarcoma cells grown with normal fibroblasts derived from the same strains 
of tumor host grew fully as vigorously as the normal cells. However upon 
addition of penicillin the sarcoma cells were select net y damaged Wlh 
proper choice of the dosage level it was found possible to kill all the 
sarcoma cells without damaging the noma! fibroblasts. But according to 
Margaret Reed Lewis penicillin by itself does not exert any retarding 
effect upon the growth of graft of sarcoma in truce It seems that some 
unknown substance which is present in penidllin compounds might be 
responsible for this action 

si Sec the work of Rammelkarop and Keefer Traces of penlallin were found 
In the blood as long as sio minutes after intravenous Injeeuon Penicillin 
docs not penetrate the red blood cells in significant amount The con 
centnitiOD in the red cells is about 10 per cent of that in the plasma 
t* M J Romansky and G E. Rittroan have disclosed that penicillin In 
beeswax peanut oil mixture exercises much more prolonged effect than 
regular penlallin solution M Tromper and A llutter suggest a very In 
gentous technique to prolong the effectiveness of penlallin action with 
Ice application m the sue of the injection of penlallin They call it the 
chilling technique 

JJ The investigation of A H Free J TL Leonards D R. McCullogb and 
B E Bio conducted on normal human subjects indicates that not all pen! 
dlhn it destroyed by gastric juice According to these authors front 8 to 3J 
per cent of the quantity of penicillin taken by mouth was excreted in the 
urine. The maximum excretion occurred during the first hour and all 
penlallin disappeared from the urine by the end of six hours An attempt 
to give penicillin together with bicarbonate of soda was 3 complete failure 
All pcniallm seemed to be destroyed m the intestines — ■ 

14 The base for this paste was lanette wax 

CK4PTEJJ £ 

» It muse be said that while only two strains of PcmctlUum notatum are used 
for the production of penidllin many other penicilha are capable of pro- 
duang this substance. Having examined about *jo different cultures of 
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tbit group of mold Rapcr Alexander, and Coghill hare found that about 
50 per cent of them produced tome amount of penicillin 

* “The operation of large vat knnetuen under absolutely aseptic condition! 
U bold with many difficulties and the hbtory of the development of the 
submerged production of penlallln hat been a tucccssion of heartaches and 
disappointment! for those concerned'' (R. Coghill) 

3 Foster, Woodruff and McDaniel advised the use of 1 to 3 mg of zinc 
sulphate per litre See - / tact 464*1 1943 

4 Jvocholaty suggested substituting aanganese for Iron See* Science, 9 7 iSfi, 
‘MS 

5 See the work by Florey et at Further Observations on Penidllin etc. 

6 Meads et ah tiated that penicillin A is not absorbed as well and at com 
pletely as penicillin G Sec - Science 103 501 19(8 

7 Kirby gives a complete report on this subject. Sec- /.dAM., 1*5 6*8 1944. 

8 Meyer and Hobby point out an interesting fact that the number of sur 
viving bactena decreases by geometric units as times increases by arith 
metic units. This means that more and more germs die fatter as time goes 
on The log of the number of survivors plotted against lime follows a 
straight line until at least 09 per cent of the microorganisms arc destroyed. 

9. A c per cent solution of this compound can be prepared in sesame off. 
Pure benryl-estcr penicill n was found of much loner activity than the 
sodium ult of penidllin but when dissolved in sesame 01) it seems to in 
crease Its activity 

to It was reported that in vmo penatin is highly bacteriostatic and bae 
terlndal against Brucella abortus and Escherichia coil Hon ever tills com 
pound shows much less activity in vivo against these microorganisms 
It See the reports by Bondi and Diets who have found that some strains of 
stapbylooxxi highly reiisunl to penicillin produced penidllase Free 
Sac Exp Biol & Med 5C 135 1914 We may note that Paracolon bacilli, 
Shig dysentenae and Shig paradysenteriae produce penidllase. 
sa. Knox also stressed the lact Uiat voung bacteria are particularly susceptible 
to penicillin and may easily perish while old bacteria show much more 
resistance to this drug See Lancet t 559 1945 
13 AU evidence points out that at least a part of bactena submitted to the 
action of penidllin undergoes lysis 


CHAPTER 7 

1 Rants and Kirby have observed even higher figures for the resistant strains 
of Staphylococcus aureus According 10 these authors *4 per cent of -4 in 
ratigated strains have proved to be resistant to penidllin Apparently 
t*s> per cent of this bacterium possess natural resistance toward penial 
!m and about 94 acquire such a resistance 
1 Penidllin Is less active against some groups of Streptococcus pyogenes 
(BCE, and C) Streptococcus sahvanus and Streptococcus (etalis show 
considerable resistance toward the action of jxniallm See the work of 
Dawson. Hobby and Lip man Proc Soe Exp Biol 6- Med^ 56 id 1944 
3 See Jawetc Arch Int Med., 77 1 1946 
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4 M ice Infected with sulfonamide-resistant strain* of Type* I 13 and HI 
pneumococci responded prompt!)' to penicillin given by mouth 

3 Mice infected with a very virulent type of meningococci recovered from 
the infection after treatment with pern allin See Miller and Foster Proc. 
Sac Exp Biol b Med., 56 1G6 15.54 

6 Some strains of C diphthenae are destroyed by a very small amount of 
penicillin according to the work of Young and Mood J Bad „ 50 *05, 
>945 

7 While McKee and hn associates found the activity of penicillin very low 
against T pallidum Engle and Mussel man and others reported that the 
drug U highly spirochetiadal. 

8 A distinction must be made between bacteriological “cure- and clinical 
“cure" Thus Ercolll and Lafferty reported that penicillin even in large 
doses has not achieved the bacteriological one" of rabbits. 

9 Bniceffa run seems to be the most susceptible to penicillin among this 
genus. 

10 remdllm has some inhibiting action in vitro on some varieties of R. 
pmuaieks 

11 PenidU n is Ineffective against the vims of epidemic inffumra according 
to the Investigation of Robinson J Pharm & Exp Therap 77 70 ig^j 

it Heilman and Herrel stress the fact that “there is evidence <hac the oral 
Ihostt rims may frequently cause atyp cal pneumomi m man The disease 
may occur in a mild form and last one or two week The Infection how 
ever at times may be severe and terminate fatally 

13 According to Cooke and Coldring subcutaneous injections given to In 
fanU and children gave very satisfactory remits. See- JAMA* 1*7 80, 
>915 

>4 McClosky and Smith have been able to induce a pronounced sensitization 
in guinea pigs See also John Strana ]A3> IA* 130 1071 1946 Kolodny 
and Danhotf JAMA* 130 io 3 8 ipj6 and Tech et ar JAMA 138631 
1948 

15 Sec JAMA , 134 1546 1947 

16 According to Hobby and Dawson sulfadmme appeared to decrease the 
effectiveness of penicillin against Staphylococcus aureus 

17 Schwa rtiman reported that the add non of methionine threonine and 
methlosulfoxlde has greatly enhanced the activity of pcnfdUin 

CHAPTER 8 

I J C/m Invest *0.434 * 94 ‘ 

* JAMA* m i*»7 94 1943 . . . . , , 

3 Sulfonamides are relatively effective in septicemia caused by hemolytic 
streptococcus but much less effective in staphylococcal blood infections. 

4 Bloomfield et al analyzing the causes of the failure of penicillin in some 
eases in their article “A Study of Pcnlalhn Failures " point out that "the 
time factor u likely to be more Important" than even the dose itself The 
adequate dose however £s of prime importance as uelL 

5 When the patient Is very gravely 111 Intravenous injections of penicillin 
should be combined with intramuscular Jt is laid that In some eases a 
combined therapy of penicillin and sulfadmme gives the best results. 
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6. In a few cases of psittacosis some Improvement was observed but not a 
complete recovery See Turgascn JAMA iz6 1150 1314 Ford and 
kispert Hire Med 7,44991,1945 and Fllppm JAMA., is 5 * tSo 1943. 

7 In intrinsic cues of asthma about 70 per cent of recovery was reported 
See* Barach ef a/, Ann tnt Med, 21 485 1945 \emilye JAMA , »rg 
*5<J '!M5 

6. Multiple abscesses of the lungs are often due to a mixed Infection A com 
bined penidUin and sulfadiazine therapy might be more effective than 
perudlbn alone. 

g Sulfadiazine therapy by itself gives the one rate of recovery If not better 
than the penicillin therapy 

10 A combined sulfadiazine and penicillin therapy might give a higher rate 
of recovery from pneumococcal meningitis 

s: The hemolytie strain of Staphylococcus aute tu is usually the caux: of 
staphylococcal meningitis Sulfonamide therapy gave not very enenurag 
ing results. Some of the authors reported recovery In 1 00 per cent from 
penicillin therapy while others (keefer et et ) only in 40 per cent 

1* An Infected tooth is commonly the original source of subacute endo- 
carditis. 

15 Charles K. Friedberg JAMA , 144 5*7 1950 

14 These Tgures were disputed by other investigators who stresjed the fact 
that the dose of pcmciltin used by Dr koch et at was not sufficient 

15. Mahoney el at, Ven DU. Inform ., *4 355 1943 

16 E. I ctcrson et at ^ JA MA 144 6a 1 tQjO. 

17 Street, A. E^ / Am Dent Assoc, 31 1*35 1944 


CHAPTER 9 

1 The investigation of Dr Hopkins is considered as not sufficiently con 
vindDg because some of the control patlenu were not clinically typical 
cases of the common cold See- Lancet t 631, 1943 

z These workers armed at the conclusion that there was no actual differ 
ence between tl e course of the common cold Jn treated and untreated 
patients. Sec- Lancet, z C3y 1943 

3 Abo the investigation of Stansf eld el at Sec Lancet s* y-o 1944 

4 It is effective in vitro against Trichophyton gjptevm and Mortlha at tit 
cans See- Herrick Proc Soe Exp Biot & Med , 5941 1945 

5 Chain and Florey See- JSniirft J Exp Path, 13 zoz i9it alio Lancet, 
1 itz 1944 

CHAPTER 10 

1 According to Keefer et of, the incidence of toxic reactions have progres 
Sirely diminished with the perfection of methods of purification In the 
treatment of 1/100 cases the incidence occurred In zo.5 per cent when the 
dally total dox: was over 10 gram. Rut among patients receiving 40 grams 
or ctct, the incidence of toxic reactions was as high as Co per cent 

z The reactions are nmallv transient In nature although as the Journal of 
the American Afrdiref Association recorded, two deaths have occurred 
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from histamine-like reactions. (Editorial, JAMA., 130939 1946) But 
these incidents might be explained by impurity ol the drug used in the 
first dmlal observations 

3. 1! J Corper and MaunCc L. Cohn (JAMA , 137 337, 19J8) remark that 
‘ streptomycin properly administered and in proper dosage is capable of 
retarding the development or growth of human tubercle badlli both in 
Vitro and In vivo But they add The concentration of streptomycin re- 
quired to retard the growth of tuberde baaJli in vitro in good nutrient 
medium can only be attained in vivo for a brief period by any route of 
administration or amount of streptomycin that can be used even with 
the present high assay unit preparations . There u no evidence a«ai! 
able at present to indicate that tuberde bacilli absorb or adsorb 
streptomycin or that it accumulates in these bacilli in vitro or in vivo " 

r 558 

4 From the discussion, gffth Annual Session of the American Medical As 
sodation (JAMA , 137 357, ig(8) Dr Bogen enthusiastically endorsed 
streptomycin He stated “We have many guinea pigs surviving after 
treatment with streptomycin whereas the controls similarly inoculated 
died many months before Guinea pigs treated with large doses of strepto- 
mycin show minimal lesions in some cases we have not been able to find 
any lesions where the controls were riddled with the infection Similarly, 
many patients now show complete healing of tuberculous lesions which 
had previously existed, whereas control patients with similar lesions still 
show persistence of such lesions ' 

5. Sec the report of the Committee on ChcmOtherapcutics and Other Agents 
of the National Research Council, JAMA , tjr 4 >946 

6 There is no radical ucrtlimion because in spite of the prolonged survival 
of the mice, their lungs continue to be virulent to guinea pigs Discon 
tmuation of the treatment u often followed by grave recurrences The 
identity of the conclusions drawn from these experimental results and 
those reached from clinical observations in men is striking See Presse 
Medicate, 55 (jog 1947 

7 According to Corper and Cohn streptomycin apparently did not affect 
the viability of a virulent human tubercle bacilli in vivo " See JAMA , 
>37 36s t9iS 

8 The streptomycin used in the experimental and dmicat studies at (he 
Mayo Clinic was derived from several sources The earliest experimental 
studies were tamed out with the one supplied by Dr S A \\ ataman, 
discoverer of streptomycin 

9 Nevertheless according to these authors streptomycin it an antibacterial 
agent which possesses the unique ability to inhibit the growth of Myco 
bacterium tuberculosis In vivo, both experimentally and dmicaiiy The 
manifestations of tuberculosis may be suppressed both in experimental 
animals and in man with at least temporary retardation of the pathologic 
processes as judged by objective criteria " 

to h H Pfuetx and M M Pyle Streptomycin In the Treatment of Tuber 
culosis" JAMA , 13963.4 >519 , „ . . 

u £. J Beattie, Jr, and Bnan B Blades “Use of Streptomycin in Surgical 
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Patients," JwMM, 139 903 i5(9 Streptomycin was alto used in the treat 
nait of lupus vulgaris See - T Cernbleet JAMA* 138 1150 1548. 

t* Hinsbiv ei cl stressed their viewpoint tliat “treatment with antibiotic 
should be postponed or denied 10 those tuberculous patients who are 
making satnfaeiory progress and who are likely to achieve the arrest cf 
their disease as a result of eonrentional therapeutic methods." (Page ;**. 
JAMA , Nov 30 1946) 

13 JAMA* 137 383 «0(S. We may however, note that this case is not con 
Tracing because of the short duration of observation Patients must be 
free from the symptoms at least for two or three yean after the treat 
merit. 

H Viable brucellas were constantly cultured from the livers of tbe infected 
embryos 

15 This technique was first developed by Goodpasture and Anderson and 
some sulfa compounds were tested. See Am J Path 13 149 1937) 

16. Also in spondylitis. Sec also the work of Henel and Nichols, Proc Staff 
Meet, Mayo Clinic, *0-449 *9 18 

17 JAMA* »93 80 i9J9- Ho never «plnk cf cl using the same combined 
therapy observed only slight toxic reactions. JAMA* 139 35*. 1949- 

»8 Streptomycin his proven of some effectiveness in the eases of septicemia 
due to Slug dyientenae, Ps aeruginosa and Aerobactcr cerogenes (Ve 
I Terrell l Nicols also Keefer cf at ) 

19. The drug Is recommended also in the treatment of lung abscesses caused 
by Kleb pneumoniae and other microorganisms susceptible to strep tomy 
cn A combined therapy of penicillin and streptomycin is recommended 
in such eases. 

10 See also the reports of Cohen and Lasser JAMA * 131 tuff 1916 and 
by Kursban and Foshay JAMA 131 1493 >946 

as Lancet, January 3 *94 3 

ta When peritonitis is general bed some investigators recommend supple- 
menting tbe intramuscular treatment with intraabdominal injections of 
streptomycin 

13 They gave streptomycin every three hours by mouth. See / Cbnfttl 
Invest* *4 898 1 g is. 

i{ Thomas “Scotmas in Conjunction with Streptomycin Therapy" Arch of 
Ophthalmology I43 1433 19,0 

CHAPTER 11 

1 Gardner and Chain have made a very frank admission “When compared 
with penicillin proactinomycin has the great disadvantage of being far 
more toxic.” 

* The common bacteria like Staphylococcus aureus Streptococcus ri ridoni 
and others are quite resistant to streptoihridn. See Waksman and Wood 
ruff Proc. Soe Ftp Eiot fr Med* *3 soy 191s also Waksman / Bad* 
1913 - 

3 No protection was obtained against Staphylococcus aureus and pneu 
mne»xi See Robinson ct al- Science, 99 540 19(4 

4 In tbe experiments on guinea pigs. See Metzger cf al- Proc Soe Fjtp 
Biol ir Med* 51 *51 191* 
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5 The work of Gratia and Dath 

6 Lesions were found In the small intestines of the mice and m some in 
stances signs of gangrene were present in whole intestinal tract See Rake 
etal.Am J Med Sei.,11061 1944 

7 A provisional empire formula was offered by Fried and Winters teiner as 
CuK» 0 ,N tT $,Cr, See Science, tot 615 1943 

CHAPTER 12 

1 According to Gordon Martin and Synge (Btochem J , 5786315 igjj) 
there arc *4 amino-add residues in gramicidin The total nitrogen and 
oxygen content is accounted for mostly by a amino adds. Some of these 
amino adds were identified as tryptophan gljane leucine and valine 
The melting point of gramicidin is at about *»8 230* C. 

2 Henri and Heilman (J Clm Invest, 20583 1941) have demonstrated 
that as small a dose of gramicidin as one microgram per cubic cent! 
meter was able to inhibit the growth of pneumococci and a slightly larger 
amount arrested the multiplication of streptococci 

j Tyrothridn inhibits the growth and the mobility of T buccalis and T 
mucosum and many other vibrio form bacilli often present in the mouth 
(See the work of F G Johnson J Amcr Vent Assoc 30 1909 1945) 

4 Tt seems that tyroadme inhibits cellular metabolism while gramiddin 
actually is highly hemolytic. A dose of 03-04 gram per kilogram of 
weight of the animal produces pathological changes in the spleen kid 
neys and other organs (See MacLeod et al Proc Soc Exp Biol tr Med 
43461 l 9 |0) 

5 See "Penicillin Therapy by John A Kolmer (New York D Appleton 
Century Co 1917) page 307 

i LN Rankin has reported five favorable cases of chronic ulcer Created 
with ryrothrian (Am J Surg, 63 391 19(f) See also JAMA 12* 7O0 
>9(3 the artide by Dr O Alpins. 

7 Alio In pneumococcal keratitis and blepharitis Sec P Heath s artide in 
JAMA , 124 152 1944 

B Mostly in postoperative treatment. 

9 As a result of the disastrous effect of tyTOthnon application Oienasek 
and Fatrman initiated similar experiments on dogs. Of thirty fve dogs in 
whom one cubic centimeter of 1 1,000 suspension of tyrethridn teas in 
jetted into the cisterns magna eighteen died either immetiiaidy or 
within a few hours Those with a survival period of a few hours showed 
massive swelling of the medulla oblongata at the wee of Injection 
Autopsy has shown thickening of the leptomenlnges with or without 
hydrocephalitis The toxidty of the drug was proved experimentally as 
far as this type of treatment was concerned 

10 A thermophilic Bacillus brans type. Gramicidin S protects rats agafrut 
the gas baallus infection. See Sergiev Cancer * 717 19(4 

tt The melting point of gramicidin it about *6 S tjo* C much higher than 
the melting point of the gramid&in of Dubos which 1* about «s* C, 
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1 Badtraan u now becoming available in sufficient quantities for the 
medical profession The clinical trbl with this drug was con luacil in a 
number of dues such as New \ork Baltimore and Philadelphia hut the 
reports on tliesc investigations was not available at the tune the booh waj 
written 

2 Meleney and Johnson have given a detailed description of the method 
they used to evaluate the therapeutic action of the drug See JviJf-f, 
>35 675 >917 

j Meleney and Johnson reported a number ot other similar cases treated 
with bacitracin 

4 See Jansen and Hirschmann Arch Biochem , 4 *37 >914 

5 Long before Meleney and Johnson discovered bacitracin workers at the 
Pasteur Institute had dudosed the antibiotic properties of Barillut tub 
tihr As early as in ig'C L Rosenthal published a paper on this subject. 
Van Canneyt has confirmed some of his observations It was found that B 
tu bt In is antagonistic not only to sonic Cram positive bacteria hut also 
to some virus organisms. It seems that this bacillus might have some 
inhiliiing activity on some saphrophy tic fungi. See Comp /fend 10c 
biol 9*78 1926 /bid 958-8 19*6 Canad J Ret, ao 1G9 191* 

C Salic and Jann found that tubulin was found to be active ddeily against 
Cram positive bacteria. Two notable e-scepnons to the rule were Neisseria 
ealarrhatn and V gonorroeae both Cram negative 

7 Anderson and his associates limited their investigation chiefly to caper! 
menu ui vitro. See Science 105419 191C 

8 They tested the activity of the Danllut polymyxa against Brucella branch 
isepttca and Eichenchia co/i 

9 Sidney Rosi ct at J-d \L/4 145 14*9 iq^i 

CHAPTER 14 

1 Dr Hans Zinsser makes a special point of this characteristic of the 
ricketuiac He writes 'Whether the cultivable extracellular organisms 
obtained from various insects not possess ng pathogenicity arc true 
ricketuiae or not we cannot state with confidence. But as far as the path- 
ogenic ricketuiac are concerned the only multiplication that has been 
obtained outside the animal body has been in tissue cultures of various 
kinds." (Page 6^5 Bacteriology) 

a Brill s disease is a mild form of tyj hus fever Nevertheless according to 
Dr Schoenlrach “the course of il e disease appeared to be definitely influ 
encesl by aureomynn therapy JA 1M 159.450 in 19 

5 M Finland et al dm ) Med fi ai 1050. Some of the patients described 
hail bronchopulmonary involvement but the others did not and it is not 
dear whether the response resulted from suppression of infection slms 
or from secondary bacterial invaders 

4 We may rematk that agglutinins for Streptococcus MG often develop in 
the scrum of patients during the course of this disease See- ]AMA^ 
>39*75 *949- 
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5. Wright el al believe that there are more than one strain of virus of 
lymphogranuloma venereum They stated On the basis of our past ex 
perienee we believe that rn *5 cases of Ijraphogranuloma at tlm hospital 
there were multiple strains of the virus There is therefore the potubil 
ity, tiiat the effective antibiotic activity of aureomyan is not limited to a 
single strain Aureornjcin a new antibiotic, with apparent virucidal 
properties has been used in human beings for the first time The clinical 
results shelved such results as co warrant further extensive research 
and clinical trial of the antibiotic. See JAMA 13S jia 19 j8 

6 The antibiotic appears to lie effective in cases of \foorcns ulcer and 
atypical Moorens ulcer of known cause and ft has some effect fn epi 
demic keratoconjunctivitis It fs of value In dendritic keratitis See Bralcy 
and Sanders, JAMA 13S ya6 igjR Spfnk el al recently arrived at the 
conclusion "that the antibiotic aureomydn is a more satisfactory thera 
peutic agent (fn brucellosis) than Use combination of streptomycin and 
sulfadiaiine and Is now recommended for therapy in proved cases" 
JAMA , 138 1145 tgjS 

7 Theodore E Woodward et al Aureomycin in Treatment of Experimental 
and Human Tularemia JAMA 139830 1919 

8 £. Weis and B J Winston Illinois Medical Journal 989 ig^o The au 
thors feel that aureomycin should be given further clinical trial in a 
larger senes ol cases so that its clinical effectiveness in poliomyelitis can 
be further evaluated 

9 Agar streak cultures of this organism were found to inhibit B sublilis 
S aureus D abortus, Eseh eol 1 Kleb pneumonia, Sal sehotl end Shlg 
paradysentenae See Ehrlich B3iu Smith Joslyn and Burkholder, 
Science, 10G 41S igjy 

10 The embrvoi Mae infected with Jl onenlahs It prmiaztkt and Jl 
moosen The experiment was not completed. See Smadcl and Jackson 
Science 106 418 1947 

Vi With a *.5 mg intrapcrltoneal dose the treatment could be delayed for 
five to eight days and still be equally effective 

l* Approximately 10 per cent of the total amount thus given was recovered 
in active form from the unne See Ley Smadcl and Crocker Proe Soe 
Exp Biol irMed,$S$ 1948 and 08 is >9|8 

»3 Ernest G King rl al „ JAMA 143 1 'lay lQjO William M Kirby 
IJAMA,, ijy 533 iff/o) remarks- Terramycin has been investigated dint 
rally lor Jess than a year and statements concerning U must ll define be 
accepted more tenianvely Ilian for the other two agents From both pint 
ro otologic anil thera petitlc standpoints terramycin may Iw said to tesem 
Me aurrotnydn more closely than chloramphenicol 

CHAPTER 15 

1 Pyocyanin fs also considered as a pigment- 

* According to Lawrence the more sotuble monophenyl derivatives are 
active See Proc Soe Exp Biol ir *^,4392 lgjo 

3 R. D Hotchkiss believes that penicillin affects the way in which bacteria 
use energy rather than the processes by which energy is liberated. See 
Advances m Emymotogy, 4 133 igyj 
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4 Autolysins might play tome role In the lysis of the bacteria by penicillin. 
See E. W Todd, Lancet, i 74 1545 

£ W, S Miller ct aL Nature, 15s >55 «S45* 

G I M Klotr "The Mode of Action of Sulfonamides." / Am Cherts Soe+ 
March t«m p 4,3. klotz concludes that "the inhibition of bacterial 
growth by sulfonamides may be accounted for quantitatively by asiuming 
that the action u due to a reversible combination between the basic form 
of the drug and the neutral form of the protein and that the law of 
misi action ii applicable Equations may be derived which relate potency 
in the add lorjiiUon constant of the sulfonamide and. to the pll of the 
solution. The reversal of rulfonamide bacteriostatic by addition of 
p-aminobenzoic add may be considered from the same point of view 
Expressions may be obtained which account lor variations in the ratio cl 
sulfonamide to p- amino ben roic add from drug to drug and from one 
pH to another “ 

7 Among the antibiotics extracted from plants are alltcin from Athurn 
salruum and tillandsianm from Spanish if on (TtUandsus usneoidet), and 
many others. Recently a new antibiotic was described named entrjcidt 
which will protea cattle from African sleeping disease It Is claimed 

8 Agranulocy tosis is due to a depression of the bone marrow by sulfona 
mldes. PenStillla Is effective in treatment of this condition. 

g. No data on this subject are as yet available. 

so Hematuria and functional impairment of the ildneys axe infrequent In 
the treatment with sulfanilamide but quite frequent in sulfadiaiJnc 
thempy 

il These reactions might be of considerable gravity and associated with 
neurological symptoms in mOd form. 

it Miller et at found a great variation in the susceptibility of bacteria of 
the same species. They reported that the natural resistance of six strains 
of gonococci vary from seven to forty units They observed an even more 
striking variation among the messingococa. See JAMA , ijo 485 1948 

13 Streptococcal and pneumococcal infections seem to respond better to 
p en ic il li n therapy than staphylococcal endocarditis. 
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